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Foreword      ^  \*  ^ 


Lake  Mohonk  Mountain  House  has  a  history  of  hosting  altruistic  meet- 
ings  long  before  they  became  so  popular.  In  1883,  the  first  conference 

'  of  Friends  of  the  Indians  was  held  there,  a  conference  that  later  was 
broaxlened'to  fnclude  a  more  general  subject.  "L^ke  Mohonk  Conference 
Qf  Friends  of  the  Indian  and  Other  Dependent  Peoples.''  In  1895,  a  con- 
ference on  international  arbitration  met  there.  Th<J  dismafhistoiy  of 
these  subjects  since  then  testifies  that  more  than  motivation  and  intelli- 
gence are  needed  to  transform  successful  conferences  into  action. 

More  than  twenty;  years  ago,  it  was  obvious  that,  given  sufficient 
funds,  scientists  and  engineers  could  put  courageous  men  on  the  moon 
because  these  efforts  would  not  be  hampered  by  superstitionDprbblems 
of  brain  and  behavior  are  another  matter  and  in  the  opinion  of  niany 
people  constitute  a  most  important  frontier.  Although  there  have  been 
no  comparable  dramatic  and  highly  visible  breakthroughs  in  the  knowl- 

,  edge  of  the  mechanisms  of  childhood  development,  there  has  been  a 
quiet  revolution  in  the  knoNvledge  of  how  the  child  develops.  It  is  now 
recognized  that  from  birth  to  three  years  is  an  age  of  sinisjter  importance. 
Tl:e  hope  is  that  similarly  objective  studies  of  how  development  pro- 
ceeds will  be  extended  (and  supplement  existing  observations  of  the 
period)  to  seven  years  of  age,  when  the  child  entere  public  life  in  the 
school  situation. 
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It  has  Keen  jpiuircnt  since  I^^dO  that  cognitive  development  is  not 
depefvvlent  on  motor  aclomphshments.  It  might  secunti?  be  only  a  small 
i»tep  IXw  observation  of  overt  actions  in  infants  tlirce  to  six  month!)  old 
to  careful  observations  of  visual  attention  to  various  objectslat  a  few 
da>s  o/  age,  but  the  results  have  been  revolutionar>  in  directing  atten-  * 
tion  to  the  schemata  of  cognitive  development  at  the  earliest  age.  Instinc- 
tual behavior  m  human  mfants  ma>  be  considered  minimal,  the  sucking, 
reflex,  the  cr>  ing  sigrtal,  and  perhaps  imitative  reactions,  early  bod> 
placing,  and  infantile  sexuality  belong  in  this  calegoiy.  The  quiet  revo- 
lution of  the  last  decade  has  taken  infancy  out  of  the  realm  of  concern  ^ 
about  prmiary  necessitio  of  vegetation  and  into  the  sphere  of  the  fully^ 
livmg  human  being  and  has  shown  that  cognitive  learning  and  socialiy- 
tion  cjfn  begin  at  a  very  early  age.  Parents  who  have  the  interest  and . 
ability  to  understand  its  importance  have  avcomplished  this  transitjion 
in  vhiUl-waririg  fairly  well  on  a  naturalistic,  almost  subconscious,^eveL 
Those  children  whose  parents  are  too  harried  by  economic  or  o^her 
problems  are  not  so  fortunate.  ^  / 

The  co)iferellcc  speakers  put  the  problem  in  bold  relief.  Although  the 
rcsearcl)  sti^dies  described  emphasize  the  importance  of  exteroceptive 
stimulation  of  the  infant,  they  by  no  means  derog'ate  the  importance  of 
somatosensory  and  motor  functions  and  loving  maternal  and  paternal 
care.  Thc^  capacity  of  the  very  young  infant  to  find  intellectual  pleasure 
m  manipulating  a  mobile,  for  example,  was  documented,  but  the  infant 
can  and  often  does  receive  similar  '^education"  from  an  old  tin  can  if 
there  is  tlie  emotional  security  of  parental  care  and  affection. 

The  conference  was  notable  for  its  scientific  objectivity.  The  goal  was 
to  bring  people* of  diverse  disciplines  together  to  communicate  on  the 
role  of  early  experience  in  visual  infontiation  processing.  Discussions 
were  confined  to  the  subject  vvith  no  *'practjcal"  implications  for  belief- 
system  conditioning  techniques.  The  general  tone  was  free  of  acrimoni- 
ous arguments,  as  if  each  participant  knew  that  the  issues  were  too 
important  to  permit  personal  polemics.  Even  during  the  extracurricular 
•hours,  when  mdividual  differences  of  opinion  were  more  openly  ex- 
pressed, the  arguments,  although  pointed,  were  irrbane  and  friendly. 
There  was'a  remarkable  demonstration  of  the  free-inquiry  approach  to 
H  complex  problems.  The  data  were  the  result  of  hardhcaded  and  disci- 
plined naturalistic  obiervations  gently  and  skillfully  guided  by  instni- 
^pwUed  measurements  and  manipulation  of  the  environment.  Freud, 
V'atson,  Gesell,  Piaget,  and  many  other  pioneers  were  present  in  the 


inrvword 

'S 

Imckgroun^,  obviouiily  inspiring  or  provoking  tlic  investigators,  but 
~  mTerduuftnalirig  tlfc  Scene. 

I  wa^  impressed  by  tlie  enipIuiMs  on  the  netessitj  o!  nitegration  of 
two  or  more  sens^orimotor  facilities.  One  \\onders  about  the  plienomenort 
of  Helen  Ke4ler  and  is  led  to  the  speculation  that  a  facihty  not  properly  . 
used  may  have  a  negative  effect  on  oilier  facilities,  Tliis  suggestion  may' 
answer*some  of  the  puzzles  p^resented. 

Appropriate  attention  was  paid  to  tlie  handicapped  child,  but  what  " 
stood  out  was  the^OAfedJor ^re^terjUKlcrs^^         of  "jiormari otncar- 
normal  developmental  problems,  studies  of  ''nonnals"  give  great  msight 
into  the  problems  of  the  marginal  child.  This  volume  of  proceedings  is  a 
valuable  supplement  to  the  three-year  stud>  of  the  JbintXommission  on 
Child  Mental  Health,  which  represents  only  one  of  many  large-scale  at- 
tack's on  the  problems  of  child  development  now  receiv  ing  wide  public 
attention,  and  it  lends  perspective  to  the  work  of  the  Interdisciplinar> 
Committee  on  Reading  Problems  and  the^National  Advisorj  Committee 
on  Dyslexia  and  Related  Reading  Disabilities.         .  . 

Mpre  was  brought  out  at  the  confereuvC  than  is  immediately  (ipparent. 
If  the  child  from  birth  to  three  >ears  of  age  can  gain  such  emotfonal  and 
intellectual  satisfaction  from  simple  vMnuilatiuiiand  coordination  of 
visual,  auditor)',  and  somesthetic  sl^nscs,  db,we  not' have  a  possible 
means  tor  developing  an  adult  wi^li  more  adequate  coordination  of  the 
phylogenetlc^iliy  older  and  newer  parts.pf  the  brain?  A  by-product  of 
the  information  gained  from  study  of  intancy  and  childhood  may  be  the 
detection  of  autistic  children  at  an  age  when  remedial  measures  may  be 
effective.  Likewise,  specific  learning  disabilities  may  be  detected  in  time 
to  institute  elfective  measures.  ' 

■      •  ■.  V 

^        .  ^      ,  WADE  H,  MAUSHALL 
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The  initial  planning  for  this  conference  was  done  by  the  Committee: on 
Brain  Sciences*  of  the  National  Research  Council.  Tlie  Committee's  piitr 
sion  has  been  to  encourage  a  truly  holistic  approach  to  the  study  of  brain 
and  behaviqr:  to  com^iunicate  not  only  across  disciplinary  borders  but 
also  betweeji  the  different  levels  theo;etical.  basic,  and  applied-^of  re- 
search endeavor.  In  spite  of  difficulties  inherent  in  successfully  imple- 
menting this  concept,  the  proposed  conference  received'eathusiastic  , 
sponsorship  by  the  Committee,  and  a  planning  fijbup  was  appointed, 
consisting  of  Donald  B.  Lindsley,  David  BodianlEugene  Roberts,  and 
Francis  A.  Young.  ,  ^  '  • 

Tlie  participants  were  drawn  from  three  groups,  experimentalists 
doing  basic  research  in  visiorn  audition,  perception,  and  other  qognitive 
functions:  practitioners  examining,  diagnosing,  and  treating  chijdren 
with' reading  and  perceptual  disabilities,  and  educators  concerned  with 
the  best  way  to  teach  children  to  read.  The  experimentalists  were  trained 
primarily  as  psychologists,  neuropliysiologists.  and  neuroanatomists. 

♦Members  of  the  Committer  at  (hat  time  were  Cui  Pftffmjun  (Chamnan).  Pavid  Bodun,  Victor 
Derjcnbcrg.  Edward  EvarU,  Ralph  Gerard,  Seymour  Kety.  DanM  Lindsley.  Neal  MUler.  hmi^  ^ 
Morrell,  Wilfrid  Rail  (from  Jur»e  1968),  Etigene  Roberts,  Walter  Roscnbhth  (to  June  1968)., 
Francis  Schmitt,  and  Klauj  Unna.  ,  .\ 
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1)k  pravl;Ut>ncrs  v\crc  uphthalinolo^»jst\  ncurolu^'isb/optumctriNlN,  ^iild 
pciJialruians  Tliv  eJucalun*  \)crc  VkOrki;)j:  in  ^jiaduatc schools  of  educa- 
tion and  wcfc  tramir^  tuturc  ^^aclicrs.  ih  a.ddj^Jon  to  tarr>'ini;  out 

The  goal  til  the  Lunferenve  \^a%  to  inte?:!aie  bask  knowledge  ot  ^truc- 
ture  and  inechanisipi^  fif?\*>^  ^"^^  ^-^^^"^  """^^^^        function  and  their  be- 
havioral rules    pcrception^vvith  the  Iolus  on  unduily  ing  factors  that 
may  .tomnbute  tu  reudmg  diNordc^^,,  The  speakers  were  urged  not  to 
lalk  lor  their  yolleagues  in  thejr  ow\  fields,  but  to  emphasi/.e  points 
about  whiLh  ^^orkers  in  other  disviplincs  should  be  aware.  This  volume 
contains  both  ^)ic  prepared  manuscripts  and  the  disvus>idns  that  took  * 
place  at  the  ».onlcrenLC.  Because  it  ttas  often  impossible  t<>_avoid  the 
use  of  spctiali/ed  tcnns,  a  glossary  is  included,  the  introduction  in- 
Judcs  a  description  of  the  Msual  pto».ess  4nd  oth^7. information  thought 
to  be  useful  to  readers  trained  in  distiiiJiaes  periphc^ral  to  those  of  the 
speakers.  |lusvoluftie  is  intended  for  an  interdivciplinarys  scientific 
readership  of  wide  range.  It  is  hoped  that  readers,  like  the  conferenve  , 
participants,  may  Tmd  ne\v  concepts  and  stimulation  from  this'attempt 
to  open  avenues  of  approach  to  several  important  problems  of  childhood 

In  an  effort  to  reach  the  widest  possible^'adersUip.  publication  of  a 
consecutive  account  of  the  conference  is  being  prepared  by  one  of  the 
editons  in  no^gtechnical  terms  with  germane  background  material  * 

Many  factors  contributed  lo  the  conhcrcnce  and  to  this  publication. 
Crucial  were  llie  financial  si/pportof  the  conference  by  the  National 
Institute  of  Neurologual  Dis'eases  ond  Stroke  and  the  subsiciy  from  the 
Blaauw  Fund  of  the  National  Acaikmy  of  Sciences  for  publigition  df 
the  proceedings.  We  thank  the  many  persons  who  helped  with  the  con- 
ference and  the  publication.. 


*Si*vix.  Pt^rcvptton,  and  Ri  adtm,  b>'  I  rjinu>  A  Vounii*  (lu  l*c  puhlislicd) 
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Introduction 
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The  pnriiipjl  mc  jn^  ol  awquinng  and  awcumuliiirnj  lutornMllon  is 
through  rliv  pnnlcd        or  symbol  To  apiimi/Alic  um:  of  printed 
infonnation  through  a  progressive  leammg^J^'Hev  »!  s  nei.cs^:;j;>  for  a 
child  nnf  onl>  to  learn  lo  read,  hiit  to  graJu  jJl>  develop  a  high  degree 
of  skill,  speed,  and  efficiency  in  rcirdtnr.  ^ 

Some  cfiildrcn:  Known  as  nonreaders,  never  Icam  to  read  Otheni  Icam^ 
loxcatkbut  only  very  nlowly.  with  great  dirficuUy.  and  incfficienlH'. 
'thu\  Impairing  their  acquisition  of  knowledge  dunng  the  M.hool  yeafs 
and  througliout  life  StiH  oUter\  learn  to  read  on  schedule*  but  with    -  • 

'  v,ir>  mg  degrees  of  skill  and  elfiwient.i .  as  me»tsurcd  in  terms  of  spaced  oi 
reading,  komprchcnsion,  ability  to  select  infurniation  and  process  it  intb 

*  menn>r>  \torage,  and  ability  to  rctncve  information  from  shoi  i  or  long- 
leriti  stora^i^e  and  use  it  lor  wontepl  formation,  thinking,  and  problem^ 
Milving  Dl  gre^t  importance,  alvj,  even  m  a  child  <i(ho1ias  IcMrned  to 
lead,  are  the  ease  of  reading  and  the  pleasure  afforded  by  tht^ reading^ 
process  when  correctly  and  efticantly  learned  and  the  rewards  that  it* 
brings  b>  way  of  aclucvemenl  Motivation  to  read  and  extend  one's 
Knowledge  is  trucM<  in  the  aujuisition  of  education,  vulture^  and  gen- 
eral enligtitcnment  * 

.    It  should  be  evidynt  that  rcadrng.  whah,  once  learned,  scems  like 
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Miyh  a  sintplc  proc^vN^  is  mdecd  a  complicated  aspect  of  a  broader 
fA^oniiauon-pioi^esMng  fuuwtion,  induding  perception  and  higher  cognt- 
iiU*  pr  vwei5.sc5»  TKc  ab;ht>  to  see  and  read  pnnted  words  depends  on  the  . 
qualities  of  the  ph>sKaI  h^iinalus  (e  g ,  illdmmation,  visibihty,  contrast).  ' 
the  lonn  and  patieni  of  tlic  printed  clen»ent!*  (letters,  wordsi sequencer 
of  word>,  and    on),  and.  of  course,  ki^owledge  or  understanding  of 
ih\!  language  of  v.hidi  tin:  word^>  are  s>  mbols  In  addUiqn,  the  eyes  must 
be  tramed  to  scan  the  stationary  stimulus  patterns  prpvidtd«t>y  the 
printed  text  in  a  series  of  slop-and-go  movements,  usually  two  or  thrtte 
fixations  (saccadic  eye  movements)  per  line,  affording  tachiUoscopic 
exposures  dunng  vvhuh  the  span  of  apprehension  permits  intake  and 
processinsLof  information,  provided  that  altentidn  is  mainiained  At 
sum^  Icviibf  thiu  visual  system.  eitJier^  the  retina  of  fartlier  alcng  in 
ihc  visual  pathways  of  the  brain,  suppression  or  inhibition  of  input  ap- 
parently otwujv  dunng  the  inteiveYung  eye  mo\emenb,  inasmuch  as  no 
smcanng  or  blumng  of  the  type  is  apparent  Junng  the  course  of  scan- 
.^on  of  cawh  line,  Liken ise,  the  adjacent  portions  of  other  hnes,  although 
*  vbiUiiB  the  visual  field  of  each  fixation,  are  soinehov^  suppressed,  pov 
Mbly  by  selective  attention  to  the  line  beiog  read 

Tliese  are  just  a  kv.  of  ihe  asptwts  of  iJie  process  of  rv^^uding  Wttnt^,l5^^^ 
^the  vonferenue  was  concerned  In  planning  the  CiSnfcrence,  it  was  recog- 
*nucd  tha;  there  is  a  great  dealS.>f  basic  information  about  vision  and 
visual  perception  and  that  m  recent  years  much  new  intprmation  has 
been  acquired  about  the.  mechantsms  pt  tlvc'eye  and  the  brain  that,  has, 
nut  been  bti.^yglit     tlie  attention  of  those  concerned  with  appfted  prot^-l 
it-ms  in  which  t>,ese  mechanisms  arc  involved,  ^^uraieniipre,  consider-*  ^ 
abh*  !ffqn  has  been  expended  m  a  search  for  tKe,ohsC!  and  develop- 
tr      >f  various  psychologic  ind  behavioral  furictions.  as,well  as  their  .  ' 

.mk  and  physiologic  preciirsors  In  sonie  instances,  deliberate  intor« 
icKiice  with  or  blocking  of  development  of  furict.onshas  been  attcfnpted 
in  >oung4inuii^ls.  In  others,  manipulation  of  th^-^mironment,  eitlier  m 
the  form  of  sensory  deprivalion'or  restriction  or  in  the  form  of  enrich^ 
ment  and  enhancement  ol  stimulation*  has  been  studied,  ^Mth  the  airh  , 
o{  determinmg  how  these  changes  affect  the  developing  and  maturinj^ 
.  organism  -  ^^^^ 


To  pawide  ah  orientation  toward  readmg  behavior.  Jeanne  Chall  a*- 
views  the  philosuphiesand  methods  thaf  have  been  used  dunni^  the  last 
40  sears  m  tlie  teaching  and  assessment  of  reading  skills  Trends  m  the  , 
toac!;ing<if  reading  have  g^ne  full  circle  fron  a  "decoding  emphii'ils" 


\      -  Introductton 

fint  learning  the  alphabet  and  the  comt>o$ition  pf  words- to  ^'meaning 
empha$t$*'-»laigely  ignoring,  the 'alphabet  and  sj^llable  approach  and  con- 
oeptrating  on  the  mean^igf  of  words  and  phras^  patterns  as  wKoles.  pu^ 
ing  the  last  decade,  the  more  Innovative  approaches  hSive  shown  a  swing 
back  to  decoding  emphasis,  to  be  followed  wheij  appropriate  by  meam 
ing  emphasis.  Although  the  results  or  her  study  seemed  to  Tavor  this  ap- 
proacht  she  cautiously  States  that  the  evidence  k  by  no  means  cleac^ut.  . 
I  Dr.  ChaU's  presentation  emphasizes  the  importanire  of  periodic  cdn- 
lerRnces  of  this  kind  in  Extending  the  knowledge  of  t«a4ing  arid  reading 
fjsorders  and  providing  bases  for 'decisions.  It  also  highUg^fs  the  too 
,  Jbmmon  failure  of  basic  scientists  to  realize  the  extent  to  which  their  ^ 
owir  somewhat  specialized' research  may  have  importanAbtiplications 
for  educators  and  practitioners.:  ^ 

.The  initial  j^apers  are  concerned  with  the  role  of  the  visual  ^stem  in 
information  procoasing.  starting  with  the  more  peripheral  aq;>e€ts-those 
involving  the  eye-and  moving  along  the  visual  pathways  to  the  visual  Vl 
cortex.  Because  the  nonspecialist  may  lyt  be  familiar  with  the  visual 
process,  a  description  of  how  the  image  is  formed  and  what  happens  to 
the  nerve  impulses  generated  is  presented  hej[e.      i         '  <         '  ^ 

Figure  I  is  a  schematic  iltustrattdn  of  the  general  natures  of  ttic  visual 
system.  The  ^  »  essentially  a  spherical  body,  except  for  the  slij^t 
bulge  at  its  amerior  surface  provici^d^by  the  conjea,  the  exposed  part 
of  the  eye.  Thr  lateral  and  posterior  walls^of  the  eyeball  consist  of  the  V 
sclera,  a,  tough  outfer  membrane  that  serves  as  a  pro^^ive  and  restrain- 
^  ing  covering  for  the  contents  of  the  eye,  y^ich  are  under  pressure  greater  % 
Oian  that  of  the  atmosphere.  Jnside  the  sclera  is  the  deeply  pigmented 
choroid,  which  contains  the  principal  blood  supply  (or  the  eye  and  pre* 
vents  light  from  entering  the  eye  through  the  sclera,  thus  prwenting 
light  scattering  within  the  eye.  Inside  the  choroid  is  the  retina,  corftain- 
ing  the  receptor  elt/nents  (rodsjand  cones);  bipolar  cells,  which  form 
synapses  with  cones^and  multisynaptic  contacts^with  rods;  arid  ganglion    ^  ^ 
cells,  which  form  synaptic  coiaairts'tXith  bipolar  cells.  The  axons  of  *  ^ 

ganglion  cells  comprise  the  halT«million  fibers  of  the  optic  nerve  in  npn. 
Also  within  ^e  retina  are  important  nuilticonnector  cells  ( horizon t^ 
and  ahiacrin^).  some  cells  thought  to  serve  integrative  and  stimmative    t  . 
'  .functions,  and  others-thought  to  serve  the  iple  of  fateral  inhiUtion  and  « 
ex(fltation.  which  are  important  to  image  contrast  In  the  retina  and  to 
on-  arid  off-center  receptive  fields.  The  rods  and  cones  are  next  to  the 
choroid.         . ' •     .  ^  *  ^ 
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riGURL  1  Diagram  of  human  vhual  system*  showing  visual  fields  and  pathways.  , 


•  Light  penetrates  the  cornea  and  passes  through  the  pupil,  which  is 
formed^by  the  iris.  The  iris,  through  the  ai;tion  of  its  circuhir  and  radial 
^muscular  coats,  regulates  the  size  of  the  pupil  and  the  amount  of  light 
ent-Cring  the  eye.  The  entering  liglU  is  refracted^r  bent  prfmarily  at  the 
air-cornea -interface  and  slightly  at  the  interface  with  the  aqueous  humor 
'of  the  anterior  chambeY  immediately  behind  the  cornea.  Following  the 
major  refractive  effect  of  the  cornea,  the  lens,  whose  cur\'ature  increases 
when  the  suspensory  ligaments  that  encompass  it  are  relaxed  by  action 
of  the  muscles  of  the  ciliary  body,  provides  the  second  most  important 
refractive  effeVt  on  the- light  rays.  Light  continues  through  the' gel-like 
vitreous  humor  filling  the  posterior  two  thirds  of  the  eyeball  and  then 
passes  through  the  layer  of  ganglion  cells  and  their  axons,  which  leave 
the  eye  through  the  optic  disk  (blind  spot)  to  form  the  optic  nerve.  The 
light  must  also  penetrate  the  layer  of  bipolar  cells  before  it  reaches  the 
absorbing  substances  contained  within  the  rods  and  cones,  where  phoio- 
chemical  proces><les. occur.  These  reactions  to  light  cause  generator  ppten- 
tials  to  be  b^ilt  up  in  the  receptor  cells,  thus  initiating  nerve  impulses 
that  are  transmitted  across  the  synapses  between  receptor  cells  and  bi- 
polar cells  and  then  across  the  synapsos.between  bipolar  and  ganglion 
ceils.  Horizontal  and  amacrine  cells  play  a  role  in  regulating  the  flow  of 
impulses  through  these,  retinal  pathji  to  the  optic  nerve.  For  the  most 
r  nU  light  that  escapes  the.retinal  receptors  is  absorbed  by  the  heavrly 
pigmented  choroid.  A  schematic  illustration  of  neuroretinal  components 
is  provided  in  the  paper  by  Boynton  (Figure  8,  p.  107),  histologic  sec- 
tions of  the  retina  are  reproduced  in  Glickstein's  paper.  ^ 

The  optical  apparatus  of  the  eye  needs  physical  and  dynamically  func- 
tional characteristics  for  bringing  oattemcd  rays  of  liglit  into  proper^ 
focus  on  the  sensitive  and  labile  photographic  screen  known  as  the  ret- 
ina. Typically,  If  a  point  source  is  to  be  seen  clearly  at  reading  distance, 
accommodation  must  occur  and  the  eyes  must  converge  (as  described 
below)  in  order  to  bring  th  j  image  of  the  point  on-to  the  fovea  (the  por- 
tion  of  the  retina  at  the  back  of  the  eyeball  where  only  cones  are  found). 
At  the  same  time,  pupillary  constriction  limits  the  exposed  lens^k)  its 
region  of  greatest  curvature  and- least  aberration,  Tlie  high  density  of 
cone  receptors  in  the  fovea  and  their  essentially  one-to;one  relationsliip 
to  bipolar  and  ganglion  tells  affords  a  high  resolution  of  the  image  pro- 
jected on  the  foveal  retina.  If  light  were  focuse4  parafoveally  or  on  the 
peripheral  retina,  fine  discriri.aiatioii  and  high-acuity  resolution  vVould 
not  be  possible.  Such  a  situation  may  arise  in  the  case  of  strabismus  or 
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*'squint/'  described  in  Alpern's  paper,  if  the  muscles  of  the  eyes  tie  iiH 
adequate  to  maintain  proper  converfence  alignment,  so  that  the  tmapea , 
in  the  two  eyes  are  not  formed  on  contspdndint  retinal  points.  In  iior* 
mal  eyes,  the  two  images  are  formed  on  c<mtspcfnding  retinal  poi^ 
and  the  dightly  different  views  of  an  ol^ectrgive  rise  to  die  sterMtecopic 
effect  of  depth.  However,  with  respect  td  omt  plane  surfaces,  ima^e 
formed  on  the  retina  of  the  nondominant  eye  is  partially  (sometimes 
wholly)  suppressed  in  favor  of  the  dominant  eye.  This  suppm^  may. 
be  demonstrated  by  holding  a  flnger  at  arm's  lenigth  and  looKi^  over  its 
tip  binoddady  at  tiie  wall  beyond ;  when  the  ri^t  eye  (if  dbminant)  is 
closed^  tiie  view  witii  tiie  left  eye  shifts  markedly  to  tiie  ri^t,  v^e^rtas* 
if  the  left  eye  is  closed,  the  view  remains  the  same  u  when  seen  UnoCu* 
larly. 

Visual  accommodation  is  the  proceu  by  which  the  lens  of  the  eye  ad- 
justs to  focus  li^t  from  a  near  object  on  the  retina*for  nea^po^nt  view* 
^  ^  ing.  As  the  ciliary  muscles  attached  to  the  ciliary  body  contract  and 
reduce  tension  on  the  su^ensory  ligaments,  the  elastic  properties  of  the 
lens  allow  it  to  bulge  anteriorly;  it  thus  has  greater  curvature  and  refract- 
ing power  to  bend  li^t  rays  to  a  focus  on  the  retina  for  a  neai^Hiint  " 
i  ^  fixation.  When  the  eyes  conveige  on  a  more  distant  pohit,  tiie  ciliary 

^    muscles  relax,  tension  of  tiie  suq>cnsory  ligamen^  is  restored^  and  the 
lens  tends  to  be  flattened  out,  with  leu  curvature  and  refracting  power. 
\  When  jj^ither  (or  botti)  of  tiiese  actions  ii  no  lon^^f^ossible  or  when 

\  othercharacteristics  of  tiie  eye  change,  Maku^^^^^^  ^  - 

li^t  to  a  focus  on  the  retina,  corrective  lenses  kre  necessary.  If  U^t  , 
comes  to  a  focuat  behind  the  retina,  rather  thaM  on  it,  owing  to  lack  of 
refractive  power  of  the  eye,  a  condition  of  hyperopia,  or  farsi^tedneis^ 
exdts.  In  infancy,  altiiou^  tiie  eye  its^l||||i  small,  tfielens  ismariy  of 
.  adult  lize  and  tiius  contri^tes  a  greater  portion  of  the  total  refrac^tion 
of  tiie  eye  than  in  the  adult.  In  old  age^  tike  total  refracting  power  of  tiie 
lens  is  reduced  by  decreased  elasticity,  producing  hyperopia^  or  flsffti|hle#^| 
ness  (presbyopia).  Light  focuses  in  front  of  tiie  retina  in  neaini^ted,  or 
^  AiyQ»>ic,  persons,  who  have  no  difficulty  reading  at  near  distances  tiiat 

would  be  difficult  for  a  normal  (emmetropic)  eye.  The  powei    a  lens  / 
necessary  to  correct  for  imprq[>er  focus  on  the  retina  is  expressed  in 
diopters,  or  the  reciprocal  of  the  focal  length  (given  in  meters).  Thus,  a 
concave  (minus)  lens  with  a  focal  length  of -^.25  m  would  be  l/'-OJS, 
or -4  diopters.  ♦ 
*       Otiier  aberrant  properties  of  tiie  optics  of  the  eye  that  may  lead  to 
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difficulty  in  reading  come  under  the  heading  of  astigmatism.  The  curva- 
ture of  the  cornea  or  lens  may  be  irregular  in  one  or  more  dimensions, 
so  that  the  image  on  the  retina  is  clear  in  one  place  and  fuzzy  in  another. 

During  accon>niodation  ^ind  convergence,  the  pupil  constricts.  All 
three  of  these  ac^tions  are  mediated  by  the  third  cranial  nprve  (oculo- 
motor), they  o^cur  in  focusfng  on  a  line  of  type  in  reading  and  create  a 
sharp  image^on  corresponding  points  of  the  two  retinas.  In  reading,  the 
eye  moves  from  left  to  right  in  c/uick  saccadic  jerks  produced  by  the  ex- 
ternal rectus  i/iuscle  of  the  right  eye  and  the  internal  rectus  of  the  left 
eyt,  while  the  opposed  recti  of  bdth  eyes  retain  sufficient  tension  to 
cause  proper  convergence.  A  pair  of  muscles  is  also  attached  above  and 
below  the  eyeball.  These  four  symmetrically  placed  muscles  control  up 
and  down  and  right  and  left  movements  of  each  eye.  In  addition,  a  pair 
of  obliquely  placed  muscles  rotates  and  tiltsJhe  eye  downward  or  up- 
ward. Innervation  of  the  external  eye  muscle^s  via  the  third,  fourth, 
or  sixth  crinial  nerve.  It  is  believed  ihat  in  volu,ntary  and  perhaps  also 
invt)lui>tarV  eye  movements  motor  discharges  from  the  .motor  eye' 
fields  of  t/ie  cortex  (Brodmann*s  area  8)  convey  impi/lses  to  the  region 
of  tho  mitlbrain  and  pons.  Thus,  cortical  control  of  eye  movements  is 
possibIe,^'but  it  is  uncertain  how  much  of  a  role  the  higher  centers  In  the 
motor  cortex  play  in  the  usual  tracking  movements  of  the  eyes  during 
readingjVith  frequent  stop  and  go  interactions.  Jt  seems  more  problible 
that  tralcking  mev.en^ents  are  njainly  of  reflex  nature  and  are  a  function 
"  of  retinal  excitation  and  neural  discharges  feeding  back  to  optomotor 
and  pretectal  nuclei.  •  ' 

,t  When  light  activates  the  retina  and  generates  impulses  in  the  optic 
nervefund  optic  tract,  most  of  these  neural  messages  pass  to  the  lateral 
geniculate  nuclcusin  the  thalamus  and  thence  via  the  optic  radiations  to 
the  primary  visual  cortex  (area  17)  along  the  striate  area  of  the  medial 
surface  and  the  tip  of  the  occipital  lobe.  A  much  smaller  fraction  of  the 
impulses  pass  by  way  of  the  superior  colliculus  to  the  tectal  region  pf 
thf  midbrain.  In  Figure  1,  pathways  along* the  superior  colliculus  are 
*sl|bwn  schematically  as  curved  lines  emanating  from  below  the  lateral 
geniculate  nucleus  and  passing  to  the  superior  colliculus  or  pretectal, 
ij/uclei,  whence  itis  a  short  path  to  the  optomotor  nuclei  and  the  reticu- 
lar formation  of  the  lower  brain  stem.  The  reticular  formation  plays  a 
^Tole  in  arousal*  activation,  and  attention;  some  investigators  think  that 
,  it  also  plays  a  role  in  learning  and  m-emory  processing.  Thus,  in  addition 
^  to  the  specific  visual  pathways  via  the  lateral  geniculate  nucleus  of  the 
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thalamus  and  optic  radiations  to  tjie  visual  cortex,  there  are  indirect  or 
nonspecinc  pathways  from  the  optic  tract  to  the  superior  colliculus  and 
jjretectal  nuclei  pf. the' midbrain.  The  latter  undoubtedly  constituteJm- 
portant  feedback  pathways  for  the  regulation  of  the  optics  of  the.cyfc'- 
and  eye-movement  control,  and  provide  possible  connections  with  the 
reticular  formation  of  the  lower  brain  stem,  and  possibly  also  with  the 
^  pulvinar.  The  excitability  of  the  cortex  may  be  influenced  through  these 
nonspecific  arousal  and  activation  mechanisms.  Thus,  such  indirect  con- 
trol of  cortical  activities  generally,  and  perhaps  visual  cortical  activity 
specifically,  may  play  a  role  in  the  degree  to  which  attention  is  main- 
tained in  reading  and  similar  visual  tasks.  The  nonspecific  visual  path- 
ways lire  described  in  detail  in  the  paper  by  Buser. 

The  lateral  geniculate  nucleus  is  organized  as  a  six-layered  structure, 
,    and  a  pattern  of  input  from  the  two  eyes  comes  to  the  kiteral  geniculate 
laminacin  a  partially  alternating  manner.  The  organizational  relationship 
to  function  in  the  retina  and. geniculate  i&  demonstrated  in  Glickstein's 
paper.  The  receptive-field  concept,  described  in  detail  in  the  paper  by 
Jung  and  Spillmann  and  first-demonstrated  in  the  retina,  includes  the  •  * 
idea  that  the  field  representation  is  partially  retained  and  in  some  re- 
spects elaborated  at  the  lev^l  of  the  lateral  geniculate  nucleus  and  the 
visual  cortex.  In  the  visual  cortex,  organizations  of  neuron  units  seem^ 
to  represent  simple,  complex,  and  hypercompiex  patterns  of  activation 
and  functioning  with  respect  to  information  presented  to  the  retina. 
Some  units  respond  to  angular  and  linear  stimulus  arrays,  others  seem 
to  respond  only  to  movement,  and  so  forth.  Marg  reports  on  som'c  of 
these  characteristics  for  single  units  of  the  human  visual  cortex. 

Finally,  because  it  lias  particular  relevance  to  Spcrry's .paper,  atten- 
tion is  drajwn  to  how  the  nasal  and  temporal  halves  of  the  retina  receive 
stimuli  from  the  temporal  and  nasal  halves,  respectively,  of  the  visual 
environmental  fields.  The,optic  nerve  fibers  from  the  naSal  halves  of 
each  retina  tross  to  the  opposite  sides  m  the  optic  chiasm  and  in  the 
optic  tract  join  the  fibers  coming  from  the  temporal  half  of  each  retina.* 
Thus,  the  temporal  half  of  the  left  retina  and  the  nasal  half  of  the  right 
retina,  each  viewing  part  of  the  right-half  nasal  field  for  left  eye  and 
temporal  field  for  the  right  eye  of  the  field  of  view  when  the  eyes  are 
converged' to  a  fixation  point,  send  their  messages  via  pathways  to  the 
•  Mi  hemisphere  of  the  brain  (left  visual  cortex  of  the  occipital  lobe). 
Similarly,  the  nasal  half  of  the  retina  in  the  left  eye  and  ithe  temporal 
half  in  the  right  eye  send  their  messages  via  pathways  to  the  right  hemi- 
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sph({re  Of  the  brain.  A  longiti  Jinal  (midsalggital)  cut  througli  the  optic 
chiasnrwoul4  eliminate  the't^inporal  vrsual  fields  for  both  eyes  by  inac- 
.tivating  the  pathway  leading  ts)  the  visual  cortex  from  the  nasal  half  of 
each  retina,  ArgumeiVsti^  prevajis  as  to  whether  ami  how  the  Antral 
area  of  the  fovea  divides  its  inpui-to  the  two  halvesK)f  tl^  brain,  or 
whether  th(f  fpvea  centralis  is  bilaterally  represented  i/the  visual\:ortex 
of  both'hcmispheres.  '  / 

It  is  generally  assumed  Niat  the  left  hemisphere  ofjthe  brain  in  right- 
handed  (and.pcrhaps  right-eyed)  persons  is  the  dominant  or  major  hemi- 
sphere, whereas  the  rfght  hemisphere  is  the  jiondominant  or  minor 
hemisphere.  Objections  to  this  assumption  usually  revolve  around  the 
dcternjinatioji  of  laterality  or  sidedness  and  whether  hand  or  eye  yse  is 
an  adequate  index«of  "native'*  or  hereditary  tendencies  to  unilateral  ' 
hemisphere  control  or  whether  eye  o^  hand  use  merely  reflects. the  fact 
that  wt  live  in  a  world  better  adapted  to  the  right-handed  and  right-eyed 
majority  of  people.  For  example,  a  ty(TikJ  school  chair  with  a  writing 
ann  on  the  right  is  awkward  for  a  left-handed  person.  There  are  many 
other  examples  of  both  unimanual  objects  and  uniocujar  instruments*    ^  , 
built  for  the  predominantly  riglit-handed  population.  It  is  argued  that 
such  a  dextraliy  organized  worid  lends  to  prevent  a  hereditarily  deter- 
'mined  preference  for  sinistplity  from  becoming  a  reality ,.It  hay  fre- 
^  quently  beeii  observed  that  so-cqlled^ight-haijtl^d  children  may  have  a 
native  preference  for  the  left  that  manifests  itself  on  some  unimanual  or 
uniocular  tests  that  are  not  biased  by  learning  in  favor  of  the  riglit.  Sinii-. 
lariy;  some  left-handed  children  who  were  compelfed  to  .write  with  their 
right  hands  may  have  developed  stuttering  speech,  illegible  writing,  or 
other -aberrations.  Tlic  tendency  to  read  or  writv  letters  clnd  words  \ti 
reversed  or  mirror  Ca^hion^appe.ars  in  some  children  WitTi  reading" dis- 
abilities.      ,  , 

And  there  is  much  evidence  that  the  controlling  motor  speech  center 
(Broca's  area)  is  situated  in'the  dominant  hemisphere,  namely,  in  the 
left  hemisphere  of  riglit-handed  subjects.  Damage  to  this  area  usually  in- 
duces a  motor  aphasia,  whcieas  damage  to  the  homologous  area  of  the 
nondominant  hemisphere  does  not  have  this  effect.  Thus,  for  speech, 
there  seems  to  be  good  evidence  of  unilateralitypf  control.  Sperry  s  re- 
stilts  in  contrasting  the  perceptual  capabilities  of  patients  with  partially  ^ 
"split'*  brains,  through  section  of  the  corpus  callosum,  after  a  lifetime  of 
usage  and  orientation  in  which  one  hemisphere  presumably  dominated 
showed  greater  differential  hemispheric  effects  and  more  profound 
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deficits  than  in  patients  with  agenesis  of  the  corpus  callosum.  The  latter 
patients  used  the  tvyo  hemispheres  equally,  often  apparently  without 
bias  due  to  hereditarily  or  environmentally  determined  dominant  hemi- 
spheric tendency,  the  hemispheres  (ended  to  have  equivalent  perceptual 
response  patterns  when  tested  separately,  that  is,  by  Hmiting  input  to 
on^side  or  the  other.  By  contrast,  the  group  with  section  of  the  corpus 
callosum  showed  more  complete  visual  perceptual  performance  (or  the 
,  dominant  hemisphere  than  was  possible  with  the  nondominant  hemi- 
sphere, but  the  minor  hemisphere  seemed  to  handle  some  nonvisual  per- 
formances that  the  major  hemisphere  did  not.  These  results  will,  of 
course,  havc  to  be  confirmed  and  extended,  bul  they  are  important  to 
concepts  about  the  conflicting  tendencies,  with  respejct  to  both  sensory 
,  input  and  motor  outflow,  that  interfere  with  such  processes  as  reading, 
writing,  speaking,  and,  probably,  general  motor  coordination  in  children 
or  adults. 

There  may  also  be  important  implications  in  this  work  for  the  estab- 
lishment early  in  life  of  sure  laterality  and  hemispheric  dominance.  Once 
it  is  determined  that  a  child  js  right-  or  left-handed  and  has  a^definitely 
dominant  hcmisjIherS  for  sensory  inpu^and  motor  outflow,  there  ma/ 
be  stimulus  patterns  or  situations  that  should  be  reinforced  if  the  domi- 
nance bias  is  to  be  retained  and  strengthened.  There  may  even  be  charac- 
.  teristics  of  printed  or  written  words  that  are  not  appropriate  for  persons 
'   with  sinistral  organization  and  dominance  of  the  brain.. This  would  se^m 
to  be  true:  the  favored  ext(5nsor  usage  of  the  arm  in  writing  tends 'to 
favor  the  forward-mpving  (to  the  riglit)  tendency  of  writing  letters  arid 
words.  That  is  to  say,-soineJetters~such  as  "d"  and  "q'*  perhaps  re- 
quire that  the  forward  abduction  (extensor)  movement  to  the  right  be 
stopped  in  order  to  backtrack  with  an  adductor  (flexor)  movement  of 
the  arm  in  making  the  bulge  of  the  letter,  whereas  the  writing  of  "p"  or 

seems  mainly  consistent  with  this  direction  of  movement  of  the 
arm.  More  of  our  practiced  movements  with  the  arms,  both  reflex  and 
voluntary,  seem  to  involve  extensor  and  abductor  (push-away)  move- 
ments than  flexor  and  adductor  movements.  There  is  room  for  much 
mofe  research  in  this  field,  and  it  seems  apparent  th^t  such  research  will 
have  relevance  for  speaking,  reading,  and  writing,  not  to  mention  other 
functions  that  depend  heavily  on  these  basic  modes  of  communicating 
and  processing  information.  ^ 

It  is  apparent  that  reading  involves  physical  environmental  stimuli 
whose  potential  informational  value  can  be  realized  only  if  the  visual 
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syslcin  is  capable  of  carrying  the  load  that  it  is  presumed  to  carry.  Its 
optical  and  oculomotor  properties  and  characteristics  must  be  properly 
functioning  and  understood  to  achieve  optimal  conditions  for  reading. 

Francis  Young  has  studied  several  visual  measuring  methods  in  popu-. 
lations  living  and  working  under  environmental  condition.^^that  have  in- 
fluenced the  manner  in  which  their  ey(^  handle  refractive  problems.  His- 
dataon  nonhuman  primates,  Eskimos^  and  other  people  (both  chiidnm 
and  adults)  appear  to  him  quite  compelling  in  showing  that  environment 
and  usage  of  the  eyes  have  strong^influcnces  on  their,  optical  character- 
istics. He  reports  that  there  ai;e  studies  Uiat  favor  hereditary  determinA^ 
tion  of  optical  characteristics  of  the  eye  and  others  that  favor  environ- 
mental influences,  but  that  the  evaluation  methods  are  not  always 
appropriate  and  the  data  in  many  cases  have  been  obtained  under  an 
existing  situation,  rather  than  experimentally.  Young  proposes  several 
refinements  in  the  meas^urement  of  visual  acuity.and  related  d^ticJI 
characteristics  of  the  eye.  He  believes  Iha^t  experimental  studies  m  ani- 
mals and  man  can  be  cojiiiJered  adecytiate  for  making  evaluations  only 
when  sevellll  of  these  measures  have  been  tarefully  applied  and  that  the 
likelihood  that  children  will  experience  visual  difficulty  due  to  optical  * 
causes  in  connection  with  reading  can  be  appraised  only  when  adequate 
assijssment  of  schoolchildren  is  made  by  some  of  theie  methods. 

Schubert,  whose  contribution  is  closely  related  to  that  of  Young,  at- 
tempted to  create  myopia  and  astigmatism  by  the  use  of  Jcnses  and  to 
study  the  effect  on  far-point  perception  when  the  stimuli  were  presented 
tachistoscopically.  He  concludes  that  this  fxperimental  approacluifimi-^- 
onstrates  that  students  with  relatively  mild  degrees  of  myopia  or  astig- 
matism are  likely  to  be  handicapped  in  the  school  situation,  whereTapid"^ 
presentations  of  material  at  varied  distances  are  involved.  It  would  seem 
that  further  experimental  studies,  closely  related  to  classroom  cond>- 
tionsf  would  add  valuable  knowledge  about  visual  requirements  for  stu- 
dents in  the  school  situation,  especially  in  relation  to  reading. 

Man's  two  eyes  tend  to -work  as  a  single  unit  because  of  their  precisely 
coordinated  movements.  Qogan  and  burster  dlstuis  the  development  of 
the  ocular  motor  control  of  the  extraocular  mustles  that  move  the  eyes. 
\s^uming  that  a  p^erson  has  developed  normal  eye:movement  patterns, 
how  are  these  eye  movements  related  to  whatsis  received  in  visual  per- 
ception? This  subject  is  discussed  by  Gaarder.  * 

With  normal  functioning  of  the  individual  eyes  and  coordinated  func- 
tioning of  the  two  eyes  as  a  unit,  the  organism  is  ready  to  receive  ^visual 
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stimuli  and  to  bring  them  to  a  fotus  on  the  retina  itself.  On  the  retina, 
howevefj  there  must  b^e  sulnlient  variation  m  briglitness  in  the  stimulus 
pattern  to  permit  the  observer  to  discriminate  the  pattern.  Without^dir*- 
ferent  levels  of  retinal  contrast,  all  visual  input  would  be  uniform  and 
consist  mainl>  of  evenly  illuminated  fields.  The  mechanisms  underlying 
retinal  contrast  are  discussed  by  Boynton,  If  the  stimulus  patterns  over* 
lap,  binocular  interaction  may  momentarily  suppress  retinal  sensitivity. 
Alpern  relates  this  situation  to  the  pupillary  reflex  to  liglit  in  strabismus. 
Visual  information  teaching  the  brain  is  further  processed  by  atten- 

V    tional  and  perceptual  mechanisms  io  visual  infonnation  processing.  Doty 
discusses  the  various  parts  of  the  visual  cortex  and  input  areas  of  the 
nervous  system  that  control  input  channeling  and  \letermine  the  charac- 
teristics of  visual  input,  as  far  as  the  brain  level  is  concerned,  Sperry  dis- 
,  cusses  cerebral  dominance  and  its  major  role  in  maturation  of  the  indi- 
viduaPs  perceptual  behavior. 

The  papers  mentioned  previously  deal  wiNi  th  characteristics  of  the 
visiial  input  and  the  role  of  the  nervous  system  in  receiving  and  channel- 

^  '  ing  the  input.  Turning  now  to  attentionaPand  perceptuai  mechanisms, 
<ht  *^i/e  of  the  visual  receptive  fields  and  the  integration  of  perceptual 
jphenq^idna  to  form  a  meaningful  unit  are  discussed  by  Jung  and  Spill- 
mJJ^n.  Mar^\  findings  from  single-unit  recording  in  man  are  relevant 
here,  "^le  retention  and  storage  of  vii^ual  perceptual  input  and  its  modi- 
fication are  the  subjects  of  Sperling*s  paper,  and  he  emphasizes  the  im- 
portance of  scanning  and  rehearsal.  Hochberg  proposes  that  attention  is 
an  integral  part  of  the  readi;ig  process,  and  he  explores  the  way  in  which 
.the  reader  s  knowledge  affects  paying  attention.  Tlie  importance  of  tlie 
relationship)  of  kinguage  comprehension  and  use.to  reading  ability  is  % 
stiessed  by  Hirsh, 

^  Several  papers  consider  the  effects  of  early  experience  an^  learning  on 
visual  information  processing,  conditions  th^t  tend  to  vary  from  individ- 
'    '        ual  to  individual,  in  contrast  with  the  visual  mechanisms  related  to  re- 
ceiving, channeling,  organizing,  and  stonng,  which  are  relatively  constant 
for  Jl  individuals.  Riesen  discujJSes  the  effects  of  various  types  of  visual 
environments  on  the  functioning  of  the  retina  itself,  and  Floni  ^discusses 
ways  in  which  experience  infiuences  tlie  visual  behavior  of  the  develop- 
ing infant  and  also  considers  the  role  of  early  environment  on  the  de- 
veldpnient^of  anomalous  visual  behavior.  Fantz  and  Lipsitt  discj^iss  tlie 
development  of  pattern  perception  and  the  tyf  es  of  information-seeking 
that  occur  in  early  inf^incy.  Hirsh  considers,  in  the  preceding  section. 
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Stimuli  and  to  bring  them  to  a  focus  on  the  retina  itself.  On  the  retina* 
however,  there  must  bjs  syH^ient  variation  in  brightness  in  the  stimulus 
*     patfem  to  permit  the  observer  to  discriminate  the  pattern.  Withouf  di^  * 
^    ferent  levels  of  retinal  contrast,  all  visual  input  would  be  uniform  and 
consist  mainly  Of  evenly  illuminated  Adds.  The  mechanisms  underiying  . 
retinal  contrast  are  discussed  by  Boynton.  If  the  stimulus  patterns  ove^ 
lap,  binocular  interaction  may  momentarily  suppress  retinal  sensitivity. 
Alpem  relates  this  situation  to  the  pupillary  reflex  to  light  in  strabiimus. 

Visual  information  teaching  the  brain  is  further  processed  by  atten-  ^ 
tional  and  perceptual  mechanisms  ip  visual  information  processing.  E>oty^ 
discusses  the  various  parts  of  the  visiTal  cortex  and  input  areas  of  the 
nervous  system  that  control  input  channeling  and  determine  the  chtrac- 
teristics  of  visual  input,  as  far  as  the  brain  level  is  concerned;  Sperry  dia- 
,  cusses  cerebral  dominance  and  its  miyor  role  in  maturation  of  the  indi- 
viduates perceptual  behavior. 

The  papers  mentioned  previously  dee*  with  the  characteristics  of  the 
visdal  input  and  the  role  o^  the  nervous  system  in  receiving  and  channel- 
"  ^  ing^e  input.  Turning  now  to  attentional*and  perceptual  mechanisms, 
iht%ifi  of  the  visual  receptive  fields  and  the  integration  of  perceptual 
jpherii^ftna  to  form  a  meaningful  unit  are  discussed  by  Jung  and  Spill- 
ma]^.  Mar|*s  findings  from  single-unit  recording  in  man  aie  relevant^ 
heref  The  retention  and  storage  of  vi|ual  perceptual  input  ind  its  modi- 
fication are  the  sulgects  of  Speriing*s  pipe:,  and  he,  emphasizes  the  im- 
portance of  scanning  and  rehearsal.  Hochbeig  proposes  that  attention  is 
an  integral  part  of  the  readjng  process,  and  he  e)q[>lores  the  way  in  vrfiich 
>the  reader*^  knowledge  aHiccts  paying  attention.  The  importance  of  the 
rilationshtf)  of  knguage  comprehension  and  use.  to  reading  ability  is  ^ 
stressed  by  Hirs*h. 

4  Several  papers  consider  the  efTects  of  eariy  experience  an^  learning  on 
visual  information  processing,  conditions  thfit  tend  to  vary  f rdf|i  individ- 
*   *       ual  to  individual,  in  contrast  with  the  visual  mechanism^  related  to  re-^ 
ceiving,  channeling,  organizing,  and  stonng,  which  are  relatively  constant 
for  Jl  individuals.  Riesen  discuftes  the  effects  of  various  types  of  visual  ' 
environments  on  the  functioning  of  the  retina  itself,  and  Ftom  discusses 
ways  in  which  experience  influences  the  visual  behavior  of  the  develop- 
ing infant  and  also  considers  the  role  of  eariy  environment  on  the  de- 
velopmen^of  anomalous  visual  behavior.  Fantz  and  Lipsitt  discj{ss  the 
development  of  pattern  perception  and  the  types  of  information-seekinf 
that  occur  in  early  infancy.  Hirsh  considers,  in  the  preceding  section, 


ERIC         ,^ir  2.3 


V 


MANSE  S   C II ALL 


Learning  and  Not  Learning  to  Read: 
Current  Issues  and  Trends 


LtARMNGASD  TFACHliiV  JO  READ 

I  would  like  yuu  to  pretend  Hut  >ou  are  taking  a  reading  tebt.  Figure  1 
shuw;*  part  of  a  test  that  is  given  to  higli^^huol  and  college  students  to 
Mje  how  well  and  how  rapidly  they  won  read  ^iK^nlly  Tlieylttad  a  story 
very  coreXuljy  so  Uiat  they  can  answer  questions  about  it-  A\  the  end  of 
4  minute,  they  arc  told  to  stop  reading,  circle  Uic  word  Uiey  are  then 
reading,  and  wait  for  further  instructions  They  must  then  answer  qucv 
tions  about  the  story  without  referring  to  it  • 

My  reason  for  asking  you  to  pretend  to  take  a  a*ading  test  is  to  make 
>ou  feel  hke  a  beginner  to  have  you  experience  again  what  it  means  to 
learn  to  read  Figure  2  shows  the  test  as  it  really  looks.  The  shorthand 
version  of  the  test  illustrates,  m  a(t  pvcrsimphfied  manner,  that  there  are 
two  basic  requisites  m  reading  knowledge  of  the  nptational  system  and 
knowledge  of  the  language.  Unless  you  had  learned  Pitman  shorthand, 
>ou  could  not  read  the  sliorthand  yc^ion  of  the  tc^t  (Figure  1 ).  because 
you  did  not  know^  the  system  of  notation,  althbugli,  as  you  can  sec  from 
the  regular  version  (Figure  2),  you  could  comprehend  the  l^guage  But 
even  if  you  had  token  the  regular  version  of  the  test,  you  migfu  not  have 
gotten  an  optimal  score,  because  you  did  not  concentrate,  found  the 
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vunlcnt  dull,  and  su      T\k  essential  point  is  lharthc  child  who  is  be- 
•  ginning  io  k^rn  to  read  hi^  naUvc  language    m  much  the       position  , 
*i  pcr>un  vtha  docs  not  know  shorlfiand  but  k>  *iskcd  to  read  it  He  has 
4  pretty  goi^td  ^.omniand    his  language  It  ij^  not  advanced,  but  he  has- 
an  extensive  \ovabular> ,  a>  Uie  various  estimates  of  the  numK^r  of  words 
Known  by  the  average  6-y ear-old  ehdd  testify  (A  a^asonabte  estnnate  is 
about  4.000  wurds  for  Uie  average  Knghhli-speaking  6-ycar-otd  m  the 
firit  grade/' )  Lmguisb  also  tell  us  tliat  by  the  age  of  6  he  has  good  con- 
,  trol  over  tJie  major  gramma.tTCul  structures  of  English  ' 

In  a  sense,  the  first  task  faung  the  child  when  he  learns  to  read  is  mas- 
tenng  the  nlilational  s>  stem  (the  wnlt.en  code),  ot  the  language  he  al- 
read>  'spcak\an^  undcr-t md*  How  ..an  he  best  learn  this  wnttcn  code'^ 
Ikfc  1^  where  v^e  f^md  i)»^«:1i  of  th(  *.onfusion  arid  debate  about  the  teach- 
ing of  reading.  All  authors  of  reading  programs  acknowledge  that  the 
ultimate  goal  of  leading  mstructidn  is  not  mastery  of  tlie  notational 
system  i  e  ,  say  ing.  sounding  ouf .  or  decoding  printed  words  but  get- 
ting t  Ik  meamng  ot  the  message^  Kt^t,  m  their  approach  to  the  beginner,  * 
^      M.m)c  lead  to  strj  ^s  Ihe  dcvoding,  rather  than  the  meaning*  component 
of  reading  as  fhc  best'route  to  the  ultimate  goal  The  problem  m  the 
tt-adung  of  readmg /n  the  United  States.  England,  and  probably  otlier 
,  .  vuunincs  wiUi  suniliii  wntmg  systems  is  how  to  program  these  two  com- 
*  ponents  of  reading  for  tlie  K^gmner  so  that  he  will  ultimalely  be^able  to 

t ompahend  the  prmted  formf  of  his  language  as  efficiently  as  or  mon? 
^  efficiently  than  theSipokcn  form  *  ' 

,  ^       I  anal>/cd  more  than  1^0  beginning  reading  programs,  including  the  two 
reading  scnes  used  most  widely  in  the  United  Stales  dunng  1962-1%5  , 
I  the  duration  ul  the  study  supported  by  the  Carnegie  Corporation*)  and 
iimovauve  programs  in  pnnt  or  m  an  experimental  stage  at  tfie  time 
i  I%7)/»  From  a  rather  extensive  analysis  of  these  programs,  I  found 
tha^  they  would  be  placed  on  a  decodjng  ti>mcanmg  emphasis  contin- 
uum At  onv  end  were  programs  that  stressed  the  decoding  component 
at  the  start ,  at  the  other  end  were  programs  that  stressed  the  meaning 
component  at  tlie  start 

The  most  widely  used  reading  scries  dunng  I  Mt>:-1  %5  (indeed,  smcc 
about  the  V)iQ\)  was  at  the  meaning  end  of  the'contmuum  In  such 
rcadingVrogranis.  the  t:hild  is  viewed  as  a  miniature  adult,  who,  from 
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the  start,  Is  asked  lu  rcatt  to  the  pnritcd  torms  ol  vvurds,  phrases,  sca- 
tcnvi-s.  and  stones  Most  ol  the  fluid's  practice  time  (if  the  teacher  fol- 
lows  the  niatuuls  that  awv.umpan>  4he  readers)  is  devoted  to  ansvvefing 
queitJJonson  liic  pictures  and  the  content  of  what  is  read.  Tlie^ words 
used  m  the  hegtuniri)^  books  are  higlily  controlled  and  limited  to  the  * 
commonest  in  the  I  njL;lish  language  On!>  a  few  new  words  are  added  in 
eavh  lesson  fn  the  early  hUiO  s,  the  total  number  ol  ditferenjt  words 
taught  m  the  tiye  books  (three  pr^f  primen>.  a  pnmer,  and  a  tirst  reader) 
ot  the  topical  basal  sene>  for  the  lirst  grade  was  about, 250-350.  Tiie 
word>  are  sekxled  on  a  meaning-frequency  pnnviple,  i  e,*,  words  judged 
to  be  withyi  thc'child's  understanding  and  frequent  in  the  language  geiv 
eralK  At ter  the  child  learns  to  recognise*  '^us  w holes,'*  about  50  of  these 
words,  he  is  taught  tu  analyze  words,  that  is,  he  is  taught  which  letters 
or  letter  tombmations  stand  for  which  sounds  tdecodingV  But  that  is  . 
seworidai>  tu  learning  to  u*.oj?j[iue  words  as  wholes  ^nd  to  ^'reading  fcfr  / 
meaning  ,  ,  , 

Mokt  ot  the  innovative  programs  of  the  early  as  well  as  those 

preduminauth  m  use  before  the  1930a  in  the  United  States,  were  at  - 
the  decoding  end  of  Uie  ertq>has?b  wonnnuum  Suth  programs  give  jnure 
attention,  at  the  beginning  to  the  systematic  leaching  of  the  relation- 
sliup  between  the  spoken  a*  .  written  forms  of  w  ords  Tliey  usually .  al- 
though riot  alway  s,  teawh  the  vUild  the  alphabet  before  he  is  taught  to 
revogni/e  words. or  while  he  is  being  taught  to  recognise  words  Gener- 
ally, coduvmpliasis  programs  view  learning  to  read  as  a  two*stage  process 
IT    master>  of  the  alphabeta  wode  and  then  adding  for  meaning  Code- 
emphasis  programs  vary  ,  and  in  my  wlassifkation  I  included  sy  stemata 
phones pio^Trams,  the  Hv^^jlKd  linguistic  approavhesof  Bloomfield  and 
Fnev  tlut  limit  tfie  early  reading  Vocabulary  to  legularK  spelled  words.  " 
and  schemes  that  use  an  initial  modif  ied  alphabet  for  instance,  the  , 
Initial  Teadnnt?  AIph.*b.t  (it  M  with  a  more  regular  sound  to.sy mM 
*?*.>ncspoiHknie  Althourfi  code-emphasis  pp^»'rnms  put  early  stress  on 
learning  the  alphabetic  priiiciple.  they  also  have  beginners  *Vead  for 
meanmi^I^.  Uul  ui  ^^t  la  raU  ctmiparcd  with  meahing  emphasis  approaches, 
tiie  child  spen^>.:?Mative{v  less  time  at  t<ie  beginning  on  '*reading  for 
meaning**  and  more  on  mastering  the  alphabetic  pnnciple, 

llie  cruciil  iiuestions  here  are  Does  the  beginning  emphasis  make  a 
ditfercny:  •  Do  pupiK  do  better  when  initiated  into  reiding  by  a  code- 
emphasis  or  by  a  meaning  emphasis  approach  *  Does  one  or  another  of 
these  two  approaches  produce  fewer  lailures*  To  answer  these  questions. 
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1  reviewed  the  research  conducted  from  about  1910  to  the  time  of  the 
*    completion  Of  the  first  research  report  to  the  Carnegie  Corporation  in 
1965  *  Included  in  my  analysis  were  classroom  experiments  comparing 
the  effects  of  these  two  basic  approaches,  laboratory  cxpei^gients  on 
learnirtg  to  read,  correlational  studies  on  factors  related  to  success  in  be- 
ginning reading,  and  selected  "classic"  clinic^  studies  of  children  who 
.  *   failed  or  had  unusual  difficulty  in  learning  to  read. 

.  The  evidence  was  not  absolutely  clear-cut.  But  it  did  indicate  a  trend: 
the  programs  that  could  be  classified  as  having  a  code  emphasis,  rather 
than  a  meaning  emphasis,  produced  better  reading  and  spelling  achieve- 
ment. The  advantages  of  code-emphasis  programs  lasted  at  least  through 
the  grades  for  which' there  was  sufficient  evidence  -the  end  pf  the  third 
grade  or  the  beginning  of  the  fourth.  Few  researchers  followed  ihoir  ^ 
children  through  the  fifth  and  sixth  grades,  and  none  followed  them 
through  high  school.  However,  on  the  basis'bj  the  evidence  througji  the 
^        fourth  grade,  I  hypothesized  that  the  advartfage^  associated  with  code- 
emphasis  programs  would  remain  longer,  if  the  reading  programs  in  the 
later  grades  were  sufficiently  difticult  to  challenge  the  eariy  superior 
attainment  of  the  children  who  had  been  in  these  programs.  Although 
the  clinical  studies  analyzed  did  not  have  the  data  to  confirm  or  deny 
tlut  code-emphasis  programs  produce  fewer  children  with  reading  diffi- 
culties, 1  was  able  to  conclude  that  their  problems  are  probably  less 
serious  and  more  amenable  to  reme<iy.  In  other  worlds,  although  code- 
emphasis^rograms  are  not  guaranteed  to  teach  all  children  to  read   *  * 
easily,  they  tend  to  lead  to  fewer  serious  reading  problems. 

There  was  sonic  evidence,  too,  that  the  advantages  of  code-emphasis 
initial  programs  wer?  greater  among  children  oflower  mental  ability, 
children  of  low^sociocconomic  status,  and  children  who  are  predisposed 
to  having  difficulty  in  learning  to  read. 

Tlie  trends  evident  from  the  classroom  experiments  and  clinical  stud- 
ies were  supported  by  the  laboratory  experiments  and  the  correlational 
\       studies.  Indee*,  knowledge  of  the  names  (and  sounds)  of  the  letters  in 
kindergarten  or  eariy  in  the  first  grade  tame  out  as  one  of  the  strongest 
predictors  of  success  in  first-grade  reading  in  studies  done  as  eariy  as  the 
1930's  up  through  1965,^  and  alM  in  the  most  recent  U.S.  Office  of 
Education  (usot)  cooperative  first-grade  studies  completed  in  1966.'^ 
Probably  more  classroom  experiments  comparing  the  effects  of  dif- 
lerent  methods  of  initiating^hc  beginner  into  reading  have  been  con- 
ducted since  1965  than  were  conducted  up  to  1965.  What  are  llie  re- 

ERIC  29^.  . 


Learning  and  Not  Learning  to  Read 


suits?  Do  they  support  or  refute  the  interpretatipns  that  I  drew  from 
.the  research  up 'to  196-5?  . 

Fortunately,  Robert  Dykstra,  one  of  the  coordinators  of  the  usoe 
cooperative  studies,  has  summarized  the  results  and  made  the  compari- 
son for  us.  He  drew  together  specific  data  from  the  cooperative  research 
program  pertinent  to  the  isbue'of  effectiveness  of  code-emphasis  as  op- 
posed to  ineaning-emphasis  programs  in  initial  Beading  instruction.  Fol- 
lowing the  classification  scheme  for  beginning  reading  approaches  that  I 
devised  for  the  Carnegie  study,"*  he  qategorized  conventional  basal  read- 
ing programs  as  meaning-emphasis,  and  linguistic  and  phonics-first  basal 
reading  programs  as  code-emphasis. 

After  analyzing  the  studies  that  were  relevant  to  this  issue,  he  con- 
cluded^:   •        .  ' 

Data  from  the  Cooperative  Research  Program  in  First-Grade  Reading  Instruction 
tend  to  stipport  Challs  conclusion  that  code-emphasis  programs  p^pduce  belter 
over  all  primary  grade  reading  and  spelling  achievement  than  meaning-emphasis  pro- 
grams. This  superiority  is  especially  marked  with  respect  to  pronouncing  wijrds 
orally  in  isolation,  spelling  words  from  dictat*on,  and  identifying  worjjls  in  isolation 
on  a  silent  reading  test  It  is  apparent  that  conceotfated  teaching  of  the  alphabetic 
code  IS  associated  with  iaiproved  initial  ability  to  encode  and  decode  words. 

Other  Factors 

c 

Method  alone  does  not  account  for  all  differences.  Success  within  all 
methods  is  related  to  characteristics  of  the  pupil,  the  school,  and  the 
teacher.  Indeed,  larger  differences  were  often  found  among  schools  and 
teachers  using  similaronethodi,  than  among  those  using  different  methods. 
Dykstra,'^  in  an  earlier  summary  of  the  ISOL  studies  based  on  compari- 
sons of  beginning  reading  programs  that  varied  in  characteristics  other 
than  meaning  or  code  emphasis,  concluded  that  the  Jotal  instructional 
setting  and  the  teacher  were  probably  more  important  for  reading 
achievement  than  the  specific  method  used. 

This  conclusion  has  some  support  from  one  of  the  cooperative  first- 
grade  studies  dirv^twJ  b>  Shirle>  Feldmann  and  me/  We  attempted  to 
find  out  what  it  is  about  the  teacher  that  makes  a  difference  in  pupil  ^ 
achievement.  Detailed  weekl>  observations  of  teachers  who  w^jj^^sqsten- 
sibly  using  the  same  basal  reader  (meaning-emphasis)  program  showed 
considerable  variation  in  implementing  it.  Generally,  we  found  little  cor-" 
respondence  between  N\hat  the  teachers  said  they  did  and  what  they 
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were  actually  T)bserved  to  do.  When  initial  readiness  characteristics  of  ^ 
^  pupils  were  controlled,  the  following  factors  were  related  iJositivciy  to 
reading  achievement  at  the  end  of  the  first  grade:  overall  teacher  compe- 
tence, a  thinking  approach  to  learning,  providing  children  with  materials 
of  suitable  difficulty  (neither  too  easy  nor  too  hard),  and  t  greater  tin- 
phasis  on  teaching  the  relation  between  sounds  and  letters  (code  em- 
phasis). : 

What  can  we  conclude  from  the  research  through  1965  and  from  the 
more  recent  usoE  studies?  Certainly,  that  method  itself  is  not  a  simple 
matter,  or  a  sufficient  condition  for  achievement.  Even  without  the  evi- 
dence available  from  these  experiments,  it  docs  not  take  unusual  astute- 
ness to  observe  that  teachers  vary  in  competence  and  skill  in  implement- 
ing any  method;  that  children  vary  ip  background,  abilities,  interests, 
and  receptiveness  to  different  learning  tasks;  and  that  schools  vary  in 
,  expectations  and  facilities.  Thus,  any  reading  program,  even  if  carried 
out  exactly  as  the  author  prescribes,  tends  to  vary  in  its'effectiveness.  It 
may  yery  weU  be  that  a  less  effecSEive  method  in  the  hands  of  a  good 
teacher  may  lead  to  better  reading  achievement  than  a  more  effective 
one  in  the  hands  of  a  poor  teacher.  But  that  does  not  deny  the  impor- 
tance of  method.  * 


CRITERIA  FOR  MEASURING  ACHIEVEMENT  IN  READING 

Achievement  in  reading  is  usually  measured  by  standardized  reading 
\^  tests.  T&ese  are  group  tests  with  multiple-choice  items  and  time  liniits. , 
The  tesuHs  are  expressed  in  terms  of  the  age  and  grade  of  a  normative  . 
population  and  are  usually  given  as  grade-leveLscores  Or  percentiles.  By 
definition,  then,  about  half  Jhe  pupils  who  taflce  a  test  will  score  above 
and  half  below  the  grade  norm  (often  referred  to  ^  the  "national  norm"). 
These  tests  have  floors  and  ceilings,  and  are  designed  for  narrow  gr^de 
ranges.  Th^importjanl  ptoint,^bout  floors  and  ceilings  is  that  in  taking 
succe^sivefy  jngf e  advanced  reading  tests  as  hg^froceeds  through  the 
grades,  a  pupil  may,  through  fortuitous  successful  filUng  in  of  a  few 
blanks,  shovy  increments  in  achievement  while,  in  fact,  he  is  still  illiter- 
ate. The  ceilings  may  also  underestimate"  the  real  achievement  of  the  r 
advanced  readers  in  each  grade.^ 

Most  standardized  reading  tests  measure  a  conglomerate  of  skills  and 
abilities  that  are  often  hard  to  separate.  Tlie  names  of  the  tests  may  re- 
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.  main  the  tame  at  dft^ferent  grade  levels  (c.gi,  vocabulary,  reading  com- 
'  prehenOM,  rate),  but  they  meanire  different  skills/andiibilities  at  dif- 
^  ferent  stiiii^  of  development.  In  the  primary  gradei|r  for  example,ji  test 
^  ci  leading  comprc^hensioi^is  probaUy  a  stronger  measure  of  word^reco^- 
*  mtion  and  decoding  ihHIs  Uian  of  compi^hensipn,  because  the  wordi  ^    ^  . 
and  sentence  structure  in^  selections  arc  usually  well  witlun  the  pupU's 
^  veibd  comprehensibo.  Bef^ning  at  Ibout  the  four^  graHe  and  continu- 
ing into  \^  school,  a  reading<omprehension  test  measures  moije  of  ' 
^at  would  be  considered '^inderstanding  the  messaged' But  evea  . 
a  low  ttading-ccmiprehenston  score  may  result  from  a  pupil's  inabUity  to 
recognize  the  Words,  rather  than  from  his  iijability  to  understand  the 
ideas.  Hius,  the  same  grade-level  score  or  percentile  rank  pn  the  same 
test  may  mean  idifferent  things  for  different  individuals  and  for  the  sameV 
individual  at  different  stages  of  development.  ^ 
\  At^oiigh  the  newer  standardized  tests  tend  to  have  separate  subtests^ 
ior.difTerent  a^)ects  of  reading,  they  do  not  solve  the  problem  entirely. 
It  is,  stiU  difficult,  even  with  different  subtests,  to  disentangle  word- 
[i  recognition  and  decoding  skills  from  reading  comprehension,  and  read- 
ing  comprehension  from  reading  rate.  It  is  also  difficult  to  disentangle 
word  recognition  from  word  meaning  on  tests  usually  designated  as 
vocabulary  or  word-meaning  tests,  ft  is  therefore  necessary,  especially  - 
for  pupUs  who  are  not  performing  as  expected,  to  give  additional  indi-  " 
vidual  tests.  ^  . 

But  «ven  for  survey  purposes,  standardized  reading  tests  have  a  basic 
limitation  that  must.be  kept  in  mind:  because  the  scores  are  relative 
mearares,  they  do  not,  except  by  inference,  tell  us  how  much  of  each  of 
the  different  coii^pQn^nt  reading  and  language  skUls  has  been  mastered. 
Even  if  we  manage  to  improve  the  reading  abUity  of  all  pupUs  in  the*  v 
Uitittd  States,  the  percentage  o^ ''poor.''  readers  will  remain  the  sa9ie  if 
,  standardized  tests  as  we  knoy{them  today  are  used,  inasmuch  as  poor 
readers  are  usually  defmed  as  those  who  kcore  one  or  more  ye^rs  below 
age  or  grade  nofms.  Indeed,  I  have  a  strong  impressioa  thjit  the  tests  for 
the  primary  grades  pUblfshed  in  the  1960's  are,  more  difficult  than  those  ' 
published  in  th^  1 94(rs  and  r9S0's;  i.e.,  thcy^r^quire  a  greater  mastery ; 
of  the  component  readingdcills  for  the^ame  grade^evel  scoits.  Thus,  a 
2.0  for  a  third-grader  in  19^  may  represent  a  higher  level  of  skill  than . 
;    «  2.0  for  a  thifd-grader  in  1 940,  but  both  pupils  would  be  classified  as 
pow  readers.. 

What  we  need  are  criterion  measures,  or  mastery  tests,  so  that 
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schools/ classes^  and  individusu^an  be  eyahitted  not  only  in  relation  to. 
each  6ther,  ^5  they  are  n6w»  tiuljOii'the  basis  of  ^eir  ni^sttry  of  known. 
j^'t^'^  component  dcills  of  reading^J:"  ;  , 
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Current  Status^  \s^^  \ 

Methol^tH^agnosis  and  tl^meht  pf  pop)  readers  vary  a  gol^  dei#^ 
depending  on  the  )|^ciiities  and  resources  available  and  the  Viewpoints 

'  and  skills' of  thpse  who  diagnose  and  treat.  There  is  also  considerable 
variation  in  the  criteria  used  to  identify  poor  restders.  Generally,  in 
large-scale  surveys,  pupils  who  score  one  or  more  years  below  the  na* 
tional  norm  for  their  age  or  grade  on  a  standardized  reading  test  are  / 
classifled  as  ''retarded''  or  ''poor"  readers.  This^laiSsirication  therefore 
includes  both  children  who  have  limited  intelligence  and  those  who  are 
deficient  in  other  areas  that  may  be  causaOy  related  to  reading  achieve- 
ment-children with  sensory  defects;  those  who  are  neurologiiially  dinir 
aged,  discrepant,  or  immature;  those  in  the  lower  socioeconomic  levds 
of  the  population;  those  whose  emotional  problems  prevent  them  from 
learning;  those  who  have  had  inadequate  instruction;  and  those  with 
combinations  of  these  characteristics.  .  * 

The  "retarded-reader"  classification  fails  to  include  those  who  are  ex* 
ceptionally  able  intellectually,  but  who  manage  to  score  only  ''on  grade 
level."  Such  a  classification  also  overiooks  another  important  distinctioiit^ 
a  1-  or  2-year  retardation  from  age  or  grade  norms  in  the  primary  giidet 
is  different  from  and  probably  more  seriovs^than  such  a  re|ardation  in  , 
high  school^  whw  a  one-  or  two-grade  retardation  may  often  be  a  ftinc* 
tion  of  a  low  rate  of  reading. 
^There  is  a  growing  tendency  in  schools  and  clinics  to  moye'away  from 

*that  Atheir^obai^lfinition  of  "poor"  or  "retarded"  rtadetrittid  to  tiae» 
instead,  the  coin^lof  the  "disabled  rea(ler.-'  The  disabled  rekderis  a 
child  who  reads  one  or  more  years  below  the  norm  for  his  age^  or  grade 

Jevel.af\d  below  tps  mental  age'  Although  this  classification  eliminates 
those  >vhoh>tve  difficult  of4[it<s|j||9ti|al  deficiencies?  it,  too,  " 

pose^  problems.  If  group  intelligence  tests  (^Wch  usudly,  except  for  the 
first  or  second  grade,  requii^  that  the  questions  be  read)  m  used,  many 
"disabled"  readers  will  be  overlooked.  Indeed,  when  ortly  school* 
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administered  group  intelligence  and  achievement  tests  are  available  for 
estimating  thje  extent  of  reading  disability,  it  is  difficult  to  tell  whether 
a  low  reading" score  pan  be  aftributed  to  a  low  iq  ,  or  a  low  iq  to  a  poor 
reading  score.  As  with  the  more  global  ''retarded-reader"  classification, 
exceptionally  ^ible  pupil?  who  achieve  at  grade  level  or  above  but  who 
,  arejieverthceless^lf^iieving'significantiS'  below  their  potential  are  not 
'  '  usually  classUicd  a's'"disabled''  readers.*" 

-  t:^ 

Tr(^ndis  .  .        '     '    *  ) 

,  I  wouIcfliKe.totketch  very  briefly  some  of  the  broad  trends  in  diagnosis, 
and  treatment  cf  poor  readers. 

As  indicated  earlier,  a  good  deal  depends  on  who  makes  the  diagnosis 
and  who  is  responsible /or  the  treatment  In  most  school  systems,  the 
major  burden  of  identificatibn,  diagnosis,  and  treatment  still  rests  with 
the  classiTOom  teacher  Ideally,  teachers  sliQuld  use  both  Standardized 
and  informal  reading  tests  to  estimate  level  of  functioning,  strengths, 
and  .weaknesses  m  component  reading  and  language  skills,  in  order  to 
give  each  child  in  the  class  the  appropriate  instruction.  That  is  the  ideal, 
but*it  is  extremely  difficult  to  realize.  Most  classroom  teachers  are  not 
sufficiently  trained  in  the  use  of  individual  tests  and  in  their  interpreta- 
tion, nor  do  they  have  the  training,  the  time,  or  the  proper  materials  to 
vary  instruction  on  the  basis  of  these  interpretations." 

Mo(e  and  moi^e  schools  or  school  systei^is  (but  probably  not  enough 
to  keep  up  with  the  increase  in  the  population  of  school-age  children) 
have  been  appointing  reading  specialists  to  help  the  classroom  teachers, 
(or  the  children  with  reading  difficulty )..Such  a  reading  specfelist  usu- 
ally gives  individual  tests  to  determine  a  child's  strengths  and  weaknesses 
in  reading.  The  child*s  record  card  may  be  consulted  for  relevant  data  on 
10,  healthy  previous  achievement  in  reading  and  related  language  skills, 
etc.  The  reading  specialist  may  then  confer  with  the  classroom  teacher, 
who  will  carry  "out  a  more  individualized  instructional  program  with  the 
child,  or  the  child  may  receive  ^'corrective*'  or  "remedial"  instruction  in 
reading  from  the  reading  specialist  several  hours  a  week  alone  or  in  a 
small  group.  The  child  may  also  be  referred  for  a  physical  examination 
to  rlile  out  the  possibility  of  sensory  or  other  defects,  or  may  be  exam- 
^   incd  by  a  psychologist  or  consulting  psychiatrist  if  an  emotional  or  be- 
havioral problem  is  suspected.     •     "        .  ^ 

Generally*  although  the  diagnosis  and  treatment  by  a  reading  specialist 
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in  a  school  are  morf*  analytic  and  intensive  than  those  by  the  classroom 
teacher,  they  are  usually  specific  to  reading.  If  the  child  mak&s  progress 
in  the  "corrective"  or  "remediar'  reading  sessions,  little  fiarther  diagnosis 
is  undertaken.  If  progress  is  not  made,  the  child  may  be  referred  for  a 
more  intensive  clinical  diagnosis.  '  \ 

A  clinical  diagnosis,  in  contrast  with  one  carried  out  in  a  school  settirig, 
attempts  to  get  at  the\inderlying  "cause(s)"  of  the  problem,  as  well  as  at 
the  best  possible  course  of  treatment.  Ideally,  a  comprehensive  clinical 
diagnosis  involves  a  social  worker,  a  clinical  psychologist,  a  psychiatrist,  - 
a  neurologist,  a  pediatrician,  an  ophthalmologist,  an  optometrist,  and 
possibly  others,  as  well  as.an  educational  (reading)  specialist.  Most  clinics, 
however,  do  not  have  all  these  specialists,  and  the  child  or  the  parent 
may  be  "referred  out''  to  such  specialists.  On  the  basis  of  the  findings  of, 
the  various  specialists,  a  course  of  treatment  is  recommended.  It  may  in- 
clude parent  orxhild  counseling,  psychotherapy,  perceptual-motor  train- 
ing, remedial  instruction  in  reading,  and  so  on. 

Unfortunately,  such  a  multidisciplinaiy  approach  to  diagnosis  and 
treatment,  although  accepted  as  ideal,  is  still  quite  rare.  And  evcJn  with  a 
full  complement  of  specialists  from  different  disciplines,  it  is  not  easy^to 
make  a  differential  diagnosis.  My  own  experience  indicates  that  a  psycho- 
logically or  psychiatrically  oriented  clinic  tends  to  find  that  most  chil- 

•  drcn  referred  to  them  because  of  reading  disability  have  emotional  prob- 
lems and  usually  recommends  some  form  of  psychotherapy  or  counseling ^ 
in  addMon  to  or  in  place  of  remedial  instruction  in  reading.  In  contrast,  ^ 
a  neurologically  or  medically  oriented  clinic  tends  to  find  neurologic  or 
physiologic  defects,  malfunctions,  or  immaturities.  Some  ncurolqgically 
oriented  cSinics  recommend  intensive  retraining  in  reading,  writing,  and 
spelling,  usually  with  heavy  code-emphasis,  for  pupils  who  still  have  not 
mastered  the  fundamental  literacy  skills.  More  recently,  so^me  medically 
oriented  clinics  have  been  experimenting  >vith  direct  teaching  to  the  par- 
ticular deficit  in  visual  and  auditory  perception  that  the  pupil  ^ppears  to 
have.'^  / 

The  differences  in  diagnostic  findings  among  clinics  with  different 
orientations  may,  of  course,  be  explained  by  a  kind  of  self-referral  by 
parents  and  school  personnel  who  identify  the  child  as  a  jp^ading  prob- 
lem to  begin  with.  It  js  the  parent  and  the  teacher  who  r^ake  the  first 
hypothesis  about  the  possible  cause,  and  then  probably  refer  the  child 

.  to  a  clinic  that  "fits'*  the  hypothesis.  I  would  suggest  /he  possibility  that 
the  frequency  of  some  diagnostic  findings  reported  by  some  clinics  re- , 
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in  a  school  in  more  anilyttc  m  i  intensive  thin  those  by  the  elftsiio0m 
teadier»  they  tic  :suiUy  q>ec}fi:  to  reiding.  If  the  child  makes  ptptt^ 
in  the  ''ccmectiv';**  or  ^'remed^ leading  iessions,  little  further  diagnosis 

,  is  undertaken.  1(  oroforei^  !S  not  made,  the  child  may  be  refeired  for  a  \ 
mme  intensive  clinical  diagnosis.  \ 

A  clinical  diagnosis,  in  cMitrast  with  one  carried  ^ut  in  a  school  seitiii|» 
attempts  to  fct  at  the\inderlying  ''cause(s)**  of  the  problem,  u  well  as  al 
the  best  possible  course  of  treatment.  Ideally,  a  comprehensive  clinical  \ 
diagnosis  invohres  a  social  worker,  a  clinical  psychdogist,  a  p^chiatiist>  • 
a  neurologist^  a  pediatrician,  aii  ophthabnologat,  an  optometrist,  and 
possibly  others,  as.  well  u  jn  educational  (reading)  specialist  Most  clinics, 

.  however,  do  noi  have  aU  these  q:R^ialists,  and  the  child  or  the  parent 
may  be  ''referred  out**  to  such  specialisU.  On  the  basis  of  the  flndhigs  of  ^ 
die  various  q>eci^sts,  k  course  of  treatmentis  recommended.  It  may  in^ 
chide  parent  oi;^d  counseling,  psychotherapy*  perceptuaK<inotor  trsin* 
ing,  remedial  instniction  in  reading,  and  so  on. 

Unfortunatdy,  such  a  multidisciplinary  approach  to  diagnosis  and 
treatment,  althou^  accepted  as  ideal,  is  still  quite  rare;  And  evcfn  with  a 
full  complement    vecklists  from  (UfTerent  disciplines,  it  is  not  easy^to 
make  a  differential  diagnosis.  My  own  experience  indicates  tiiat  a  piycho* 
logically  or  psychiatrically  oriented  dinic  tends  to  find  that  most  chil- 

*  dren  referred  to  them  because  of  reading  disability  have  emotional  prob* 
lems  and  usually  recommends  some  form  of  psychotherapy  or  counselhyi 
in  addfllon  to  or  in  place  of  remedial  instruction  in  reading.  In  contrast 
>  a  neurologically  or  medically  oriented  clinic  tends  to  find  neuroloi^c  ( 
phydologic  defects,  malfunctions,  or  immaturities^  Someneurolqgic 
oriented  QUnics  recommend  intensive  retraining  in  reading,  writing,  aiid 
'       !i>elling,  usually  with  heavy  code-emphasis,  for  pupils  who  still  have  not 
mastered  the  fundamental  literacy  skills.  More  recently,  some  memcally 
oriented  clinics  have  been  experimenting  with  direct  teaching  to4he  pa^ 
ticular  deficit  in  visusl  and  auditory  perception  that  the*  pupil  f^pears  to 
have.*^ 

The  differences  in  diagnostic  findings  among  clinics  with  dinierent 
orientations  may,  of  course,  be  explained  by  a  kind  of  self*^fenal  by 
parents  and  school  personnel  who  identify  the  child  as  a  reading  prob* 
lem  to  b^n  with.  It  is  the  parent  and  tfie  teacher  who  nrtdce  the  fint 
hypothesis  about  the  possible  cause,  and  then  probabl/ cefer  the  diild 
.  to  a  clinic  that  ''flu**  the  hypothesis.  I  would  suggest  the  pcxtttbility  that 
the  frequency  of  some  diagnostic  findings  reported  ^  some  clinics  it^ . 
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forms  of  treatment  can  be  and  possibly  are  effective,  although  it  is  not 
always  clear  what  it  was  about  the  treatment  that  made  for  the  effec- 
tiveness, or  whether  the  treatment's  effectiveness  could  be  said  to  con- 
Arm  the  validity  of  the  diagnosis.  Because  all  remedial  treatment^(lik& 
all  psychotherapies)  have  in  common  a  concern  and  care  for  the  child,  • 
an  acceptance  of  his  difficulty,  and  a  promise  of  hope  to  him  and  his 
parents,  some  improvement. can  be  expected  from'all  of  them.  But  if  we 
arc  going  to  learn  more  about  the  phenomenon  of  reading  disability,  we 
will  have  to  do  the  kind  of  clinical  and  controlled  research  that  will  ulti- 
mately lead  to  knowing  what  leads  to  what. 

The  few  follow-up  studies  of  pupils  who  received  remedial  help  (not 
always  specified)  in  university-affiliated  reading  clinics  seem  to  indicate 
that  children  who  receive  remedial  reading  up  to  the  point  where  they 
can  read  well  enough  to  function  in  school  do  tend  to  maintain  the  gains 
they  make.  There  is  also  some  evidence  that  the^earlier  the  identifica-  . 
tion  and  remedial  treatm'ent,  the  great ;r  the  chance  fora  successful  out- 
come,^ 

Early  Identification 

What  about  the  effectiveness  of  programs  of  early  identification  and 
treatment  before  the  first  grade?  Here,  we  must  aVait  the  evidence.  The 
practice  of  setting  up  transition  classes  for  "high-risk'*  children  is  still 
too  new  to  know  whether  the  expense  of  time  and  effort  is  worthwhile 
in  terms  of  progress  made  in  learning^ how  to  read  or  in  the  overall  ad- 
justment of  the  child.  I  would  hazard  a  guess  that,  even  though  some  of 
these  intervention  programs  are  successful  in  making  the  child  more 
*'r6ady"  for  regular  reading  instmction  in  the  first  grade,  his  success  in 
the  regular  first  grade  and  latef  will  depend  also  on  the  kind  and  quality 
of  instruction  he  receives  there. 
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DISCUSSION 


DR  I  IN  tiSL  t  Y  Df  Chall.  you  have  spoken  about  the  broad  a-^pccls  of  the  prob« 
lem  of  rtading,  the  criteria  for  reading,  and  how  we  have  measured  the  state  of 
the  child's  problem,  and  >uu  have  spoken  about  pctwcptual  factors  m  reading. 
You  (lid  nut  make  a  special  point  of  the  matter  of  learning  to  attend.  For  ex* 

^  ample,  children  arc  a^kcd  to  read  the  luwa  Silent  Reading  Test  Mienily  and  then 
turn  It  over  and  answer  the  tjuestions.  I  am  surclhat  wc  have  Jl  had  the  experi- 
ence, when  wc  have  taken  a  test,  of  not  cxpcclmg  the  contonti^jf  the  test  Tlierc 
IS  the  difficulty  of  focusing  alteniiun  on  the  test  and  perceiving  the  relations 
that  are  intcrA^oven  m  the  written  language.  To  what  extent  has  this  been  proved 
tcS  be  a  problem,  or  to  what  extent  havr  investigators  focused  an  the  matter  of 

.   learning  lo  attend'^  Wc  speak  of  learnr.ft^to  attend  and  learning  tojfH;icCivc>  which 

,  seem  to  me  ti>  be  very  fundamental  problems  ^ 
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UK  t  H  M  t  AltcnUon    <fcf<nitel>  jn  impoirjnl  pjn  of  learning  to  rcid  ur  of 
Jcarnmganylhmg  In  t  jwL  I  wundcji  whether  fume  methods  aic  mote  ^uccc^ful 
than  uUicu  Inrwjuic  the>  help  io  fv^ub,  j  cWdS  atlcnlion  bcltet  A  method  that 
tcquirei^  a  whild  i*>  ttacc  a  W4}id*  or  write  tt,  and  >av  it  at  the  wme  time  focusc.s 
hi*  attention  more  than  just  asking  him  lu  %ay  llic  w^rd  he  hces  In  fatt.  m  the 
,caihei  klas>f  Mom  experiments  that  I  analyzed  for  the  Cainegie  study  and  also  in 
the  mute  recent  v^oi  studies,  reading  prugranu  tliat  incurputaled  wnUng  with 
early  leading  mslt uciion  showed  benefits  over  those  that  did  not^  Another  bit  of 
evidenwe  of  the  importance  uf  attention  womcs  from  a»smali  study  that  1  did  m 
I^^bS  Willi  vollcaguesat  City  Cdllcge  of  New  York  (J  Chall.  F  Roswcll,  L  Alshan, 
and  M  Bloomfield,  unpublished)  tn  whidi  first  grade  tcachei^^i/|||p  asked  to  rate, 
on  a  ivtc  point  svale,  titeir  pupils*  ability  to  pa>  attention'  There  was  a  sigmricanl 
selatiunslup  belwecn  the  leaUieis'  ratings  of  the  pupils'  abihly  to  pay  attention 
ajnd  awhicvemeni  in  reading  AIhu  one  of  the  factors  tlul  de  fiusch  found  to  be  a 
Mgnifuant  prediwtoi  of  reading  failure  among  pfetK.ht)ol  *.hildrcn  was  byperaf 
uvity  or  difficuHy  m  attending  ^ 

i>H  nuis  I  recently  read  a  paper  (AmJr  J  Orthopsyvhut  38  SW-/>|4, 1^68) 
h>  .%  Japanese  gioup  wlaimmg  that  there  was  no  dyslexia  among  a  large  poputa  , 
lion  of  Japanese  children,  whereas  tJie  rates  foi  all  European  languagevarc  rallicr 
similar  If  thij>  is  a  valid  bit  of  wxrk,  I  ihmk  li  poses  ap  exijemcly  important 
point  as  to  the  nature  of 'the  problem  We  might  be  able  to  determine  the  hcait 
of  the  difficulty  from  such  comp^araliye  studies 

uH  K\u \u  I  know  tiiat  study  1  am  not  ^^u^Ming  thai  Uic  following  fawl  cx 
plains  it,  but  4^ '  of  the  teachers  m  those  sthi,K)ls  were  men 

UK  W  AUE  MAftsHAtt  That btings  up  tlie Imdtng that  the  tatio of  boys  to  gitls 
m  children  having  J'^^elopmental  dysleXia  5  or  6  to  t  J  wonder  whellier  that 
IS  Mmpiv  because  boy^  are  more  awtive  and  are  disciplined  more  often 

fj>H*  cHAt L  The  Japane-^e  artivlc  interests  me  very  much  The  first  tbmg  that  cainc 
Jo  my  mind  when  I  read  it  was  that  it  was  based  on  few  cases  and  on  teacher 
judgment  If  it  is  true  that  there  is  no  dyslexa  among  Japaney:  children*  or  a 
smaller  pctwcntage  than  m  western  vountries.  then  many  explanations  arc  pos 
Mble  One  explanation  that  was  already  mentioned  by  Dr  ^Kagan  may  have  some- 
ihmg  to  do  With  it  tlie  male  teacher 

Another  ha-*  lo  do  with  the  Japanese  notatiunal  system,  which  is  syllabic. at 
^  though  it  uses  idifugraphs  as  well  English  and  oUicr  European  languages  aK 
ha^ltally  phonemic,  that  js*  the  separate  consoimnt  and  vowel  sounds  are  re|>' 
resented  by  sepaiaic  Setieiii  oi  Icttcf  wombiliations  In  the  htcrature  on  reading, 
we  find  m  both  chnicaJ  reports  and  correlational  studies  that  the  sounding  and 
blending  of  phoni'mes  (for  mstanwc.  Kail*)  are  particularly  difficult  for  the  se- 
verely disabled  reader  Orton  made  a  particular  point  ab<.i>u^t  blending  difficulty 
among h^  whnival  vases  In  Japanese,  the  w;ittet»  characters  stand  for  syllables, 
that  is,  Jicrc  are  Mcpsuaic  visual  notations  for  m,  m\  m.  no,  and  nu  that  do  mi 
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resemble  e^ch  other  Therefure,  the  Japane^  chitd  does  nut  need  to  nuke  the 
fine.distinctions  in  vowel  and  consonant  sounds  (hat  the  tngRsh-speoking  chiiU 
must  make,  nor  dot%  he  have  (o  blend  vowe^  and  consonants  as^loes  the  Anictv 
'can  Of  English  child  '         *  ^ 

^      A  third  possible  explanation' is  that  education  in  Japan  is  highly  valued  and 

,  hi|hly  competitive  A  great  deal  of  time  is  spent  on  Ieatmn|,  cspeJially  on  ieam- 
mg  to  read  •  • 

Still  another  explanation  involves  the  way  reading  is  taught,  i  think  the  Japa- 
nese and  Chinese  leach  writing  early .  simuharttoudy  with  reading,  and  even  guide 
the  children's  hands  in  writmg.  And  early  writing  does  sL^  to  be  related  to 
early  acquisition  of  reading  skills. 

DR  Bi  RING  What  about  the  fact  that  (he  Japanese  and  the  Chinese  md  verti- 
cally «js  opposed  lo  moving  from  left  to  right"* 

DR  c  H  AIL  That  might  have  a  bearing^on  the  problem  I  understand  that  those 
languages  can  be  written  horizontally  as  well  « 

liR  STA1GI.R  I  miglit  add  two  other  poiftible  reasons  for  the  Japanese-language 
difference.  One  iV  the  ^social  pressure  brouglit  to  bear  on  the  child  his  whole 
family  loses  face  if  he  does  not  succeed  in  school  Another  is^hat  the  Japanese 
have  two  systertis  of  writmg  one  ts  phonic,  and  ciiildren  are  introduced  to  the 
*  phonic  system  and  then  graduated  to  the  Chines^  nleographs^  The  two  stage  s>S'  . 
.  tern  is  possibly  S4)mefhing  like^ur  iia  andotlkrt  simplrtied  alphaheU  Perhaps 
there  IS  a  relationship  ther^e  ,     ,  ^ 

»     *  Oftc  commeitt  on  the  vertical  writing  A  Japanese  friend  of  mine  said  that  his 
biggeit  problem  iiueaditv^'was  moving  kis  eyes  up^  and  down  and  he  found  that,  . 

'    to  be  comfortable  tf  he  read  for  4iiy  length  of  time^  he  had  tu  muvi;^ijs  whole 
fiead*  not  just  the^eye  muscles  '  .  \ 

l)R  INGRAM.  According  to  M^cDonftld  Criuhley,  wnly  one  t>pe  of  Japanese  script 

is  likely  fo  b^  associated  with  dyslexia,  and  that  is  ihc^onc  that  use*  phonic 
r    snftllmg  The^wrtting  of  the  syllable  for  *'raia.''  which  rt|a>  be  a  cloud  with  a  few 
drops  of  rain  comingdown  iHit  of  it,  is  much  le^  likely  to  involve  dyslexia 

I  am  very  surprised  to  hear  that  pressure  on  Japanese  children  is  mote  likely 
to  reduce-dyslexia  Uian  to  increase  it/ 

It  IS  possible  thai  ctuldicn  with  dilfivulty  in  reading  and  anting  Ivivc  dtfficaltv 
in  maintaining  then  attention  for  any  length  of  timoi.  and  certainly  that  has  been 
the  experience  in  the  AVord  Blind  Institute  in  Copenhagen,  wlierc  it  was  found 
thai  the  more  severely  affected  the  child  is,  the  shuctec  the  period  of  remedial 
instfuction  nuy  ,be  Thefinay  start  with      or  six  f^ituls  of  5  or  10  min  at  a 
lime  during  the  day  I  agree  that  overauljve  children  for  example,  thc^ hyper- 
kinetic childrei^  denjibed  by  Piechti  and  Siemmer  (Develop  Med.  Child  Neurol 
4  11^*127, 1^62  If  may  have  difficulty  in  sustaining  attention,  but  ts  It  not  also 
pos»ible  tirat.  if  you  ask  a  child  (o  do  so'mething  that  he  finds  partjiulatly  dilfi 
cult.  It  will  be  very  dillituTt  for  him  fo  numlain  his  attention  span'* 


^OH  You^t;  I  would  Itkc  to khuw  4t  what  ag(  Japanese  children  Start  toread^ 
Some  years  ago«  I  talked  to  some  educaluts  who  were  a  par,t  ofa  grpup  that 
studied  the  Russian  school  system  Tliey  mentioned  scvtr,^!  linnes  in  our  disciij^' 
Mons  that  Russian  schoolcfajildr^n  do  not  weai  glasses  in  the  same  proportions  as 
American  Khoolchtldren.  American  schoolchildren  Ilo  not  wear  passes  in  the 
*  same  proportions  as  Japanese  schoolchildren  One  of  the  differences  between  ^e 
American  and  Russnn  school  systems  was  tl)at  we  start  our  cluidren  readmg 
around  the  age  of  6«  and  they  star  l  a  year  later  t  am  curious*about  whl^n  the 
Japanese  start  to  read 
UH.  SHANKWEitiR.  Dr  Dui>  raised  the  question  of  a  cross  compjinson  of  lan< 
.  guage  and  reading  difficulties.  ( did  not  know  that  tlic  western  languages  had 
similar  raics  of  readmg  duabtlities.  If  tliat  is  true*     '.ni|ht  to  know  a^out  it  be- 
cause western  luuiguages  differ  enormously  m  \U<  degree  in  which  they  have  pre- 
dictable jphonic  structure,  ii  sterns  to  me  tliat  differences  or  similarities  in  the 
rates  of  reading  difficulties  in  western  languages  ought  to  be  of  contemn  to  us  f 
don 'I  know  what  the  fads  are 
UK.  « r  AiGf  R  I  know  the  figures  from  the  sur\ty  claiming  that  there  is  no  dys- 
lexia in  J^pan,  but  the  reason  that  so  little  is  reported  is  thahin  comparison  with 
^  our  country  >  where  the  dyslexia  ratio  of  boys  to  girls  is  S  1 ,  there  is  a  I  1  ratio» 
so  that  It  looks  hke  l^ss  dy  vir^a  But  there  is  an  excess  of  boys  to  girls  here»  com* 
pared  with  Japan 

uH  Ml  u  H  I  have  some  I'ata  dealing  with  studies  m  schools  in  which  pupils  started 
out  in  kmdergasten  with  male  teachers  who  had  absolutely  no  sophistication  in 
reading  instruction,  and  thcu  readmg  readiness  .^as  greater  than  that  o(all  other 
g  oups  The  ver>  conservative  school  systen^s  still  prove  tlut,  with  the  male 
teacher  who  has  had  no  format  reading  instruction,  schoolboys  are  proceeding 
w.uh  written  material  much  ntbre  rapidly  thaii  other  groups  of  boys  and  doing 
nearly  as  well  as  the  guls  In  fact,  their  mean  performance  is  such  tlut  thefe  is 
no  significant  difference*  between  boys  and  girls 

UK  t  ANor  Our  M:hoo!  has  had  a  miic  teKhcr  witli  the  same  boys  from  the  first 
grade  thiougli  the  thnd  grade  I  ihink  they  have  found  (hat  the  attitude  of  the 
boys  townd  learning  is  sotnuch  belter  tlian  that  of  the  girls  that  their  whole 
\urricut»in  i^^  different ,  and  they  feel  very  successful 

u 8  tiiHM  May  I  u^-  '^leadinj  disorders**  and  "^dyslexia*'  as  synonymous,  or  can 
I  say  that  a  cMd  has  a  iCdding'drsorder  because  he  has  dyslexia''  I  uicd  to  call  a 
i.hild  who  did  nuiSpcok  aphasic/'  hut  I  was  tauglit  by  the  neurofogisUo  call  it 
a  *1an^»tijgc  disorder"  rhal  may  or  may  not  be  the  result  of  aplHi^ta 

UR  1  HAl  I  i  tend  not  to  use  the  term  •'dyslexia/'  I  use  the  term  "'reading do* 
ability, '  bccau'.c  it  docs  not  assume  a  definite  cause  for  the  disability  By  **read- 

tiisabilit>  »^  I  mean  a  sigrufiuni  discrepancy  between  what  the  child  »  ex- 
pcctcd  to  ccad,asdcterinmii:d  bv  an  individually  ndlniinistered  intelligence  test, 
and  what  the  child  can  icad  There  ire    ?jiany  definitions  vif  ''dyttexiar  many 
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of  which  aitume  t  parlicular/tiology .  that  1  tend  not  to  use  it.  I  tend  to  think  of 
dyslexia  in  tarn  of  a  reading  diubility  itemming  phmaiily  from  problems  that 
probably  h4ve  a  neurologic  basis  bul  do  not  necessarily  show  up  on  the  usual 
type  of  neurologic  examination.  The  broader  terms,  such  as  ""reading  disorder** 
and  "^readmg  disabilities^  include  reading  problems  stemming  from  cultural,  edu- 
cattonai,  psychologic,  neurologic,  or  sensory  deficits  or  problems. 
DR .  Si tVEK  ^  I  wduld  like  to  make  a  comment  on  Dr.  Chairs  herculean  comprehen* 
sive  survey;  touchmg  each  arei  of  the  problem  the  .way  she  haland  denning  what 
she  means  very  clearly.  The  question  of  defmition  of  termsau(^i)eset  us  at  every 
meeting  of  this  nature  that  I  have  attended.  The  Interdisciplinary  Committee^ 
worked  out  a  compromise  dennition.  We  divi^d  problems  of  language  ;;let  us 
}■    ,  tike  reading  i^incatly-intagroups.  In  the  fint  group  are  children  who  are  re- 
*    larded  n  reading,  which  means  that  they  function  lower  than  their  age  group. 
This  group  may  include  children  with  low  iq*s  ind  children  with  peripheral  sen^ 
sory  defects.  In  the  secmid  group  are  children  with  reading  disabilities  or  reading 
difficulties,  which  narrows  the  field  a  little  bit;  these  are  children  who  are  re- 
Urded  m  reading  with  respect  not  only  !o  their  age.  but  also  to  their  Intelligence 
*and  to  iheir  educational  opportunities  (wKich  brings  m  the  cultural  factors).  This 
group  would  include  iiiotivational  probleins.  mtnmtal  organic  defects,  and  "specifi 
reading  disability/'  which  we  use  m%  synooymous  with  "specific  dyslexia/'  This 
l^oup  mcludes  deveiopmentilt  or  $o<alled  congenital.  dyd((xii  and  designates 
children  who  are  retarded  in'ieading  with  respect  to  their  age.  intelli|ence.  and 
educational  opportunities,  who  have  no  evidertcc  cf  central  nervous  syslMi  struc- 
tural defecu.  and  whose  {)enpheral  sensory  apparatus  is  intact.  This  would  in- 
clude Cntchley*s  group  with  developmental  d^skxia,  I  think  it  is  import  int  to 
speak  the  same  language. 

I  am  also  reluctant  to  use  "dyslexia**  unless  I  modify  it  with  the  jierm  "spe- 
cific/' bc4;ause  it  has  too'  many  meanings.  In  general,  it  would  be  synonymous 
^    with  "readmg  disability/*  and  "^specific  dyslexia*'  synonymous  with  "specific 
reading  disabitiiy  *'  | 

The  Japanese  study  troubled  me.  As  I  recall  if.  there  were  two  groups/those 
who  were  taught  by  means  of  aphonic  methods  and  those  who  were  taught  by» 
n^ans  of  an  ideographic  or  essentially  visual  symbolic  mfethod.  The  children  who 
w^rc  taught  phonetically  did  better  than  the  cMldren  whv>  were  taught  loeo- 
graphically  This  would  be  consistent  with  H»iat  we  have  found  (Silver.  Hagin, 
and  Hersh.  Amer  JjTOfihopsychjal  57:744-752.  i  7(,7),  but  I  questioned  iht 
study  and  I  am  glid  Di  Ingram  has  reinforced  that  question.  The  study  really  is 
a  htilc  bit  different  : 


"^InirtdiKiiitmiity  liimmiMee  on  itcddmy  hoblem*,  t  mct  tot  Afiptlcd  Lmguhtkv^W*Uiin|ton. 


DC  20036 
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on.  M EiER :  I  would  !&€  to  WBett  that  the  begiiining  chiptef  of  TheDMM 
/{c«d^(J.  Money,  Ed.JohiuHopkiiuPketi,  1966)^ 

DK.  sitv  ER :  I  mi^t  mention  thit  the  initial  meeting  of  the  Interdiidpliniiy  Com- 
mitt^  wisbogiDd<I&wn  on  just  this  point  of  tenninolofy.  We  tabled  die  ques* 
tion  1^  (Munding  itto  a  subconunittee;  after  a  year,  we  have  come  out  with  our 
deflnitions.  ^ 

DR.  cHAtL:'The  same  thing  has  happened  jn  the  latest  committee  on  dyslexia,  the 
National  Advisory  Committee,^  of  which  I  am  a  member.  We  have  one  task  force 
^assigned  to  defmitioas,  and  I  think  they  have,  at  list  count,  14  definitions  of 

.  dyslexia.  It  will  be  helpful  if  they  suggest  some  guidelines. 


^Scof tiiy*i  (HEW)  NttioMl  Advifory  Committee  on  Dyskxii  ind  Related  Reading  Difabai> 
tlei«  iuUdlni  31,  Room  8A34,  NaUonal  lnttitii|!rs  of  Haalth,  A»thetda>  Md.  20014. 
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Development  of  Optical  ,  ^ 

Characteristics  for  Seeing 


Although  it  is  not  yet  possible  tp  describe  completely  the  devejopment 
of  the  optical  characteristics  of  the  human  eye,  it  is  possible,  by  relating 
results  of  published  and  unpublished  studies  with  some  amount  of  con- 
jecture, to  put  together  a  likely  description. 

Much  of  the  available  information  concerning  the  effects  of  l^yedity 
^nd  environment  on  the  development  of  the  optical  characteristics  of  the 
ey^]s  based  on  studies  of  subhuman  primates,  primarily  chimpanzees 
and.monkeys.  However,  a  recent  study  of  the  Eskimo  population  at 
Bartow,  Alaska,  which  supports  the  results  ofstudies  of  subhuman  pri- 
mates, suggests  strongly  that  the  early  visual  environment  and  earjy  visual 
experience  play  an  important  role  in  developing  and  modifying  the  opti- 
cal characteristics  of  the  eye,  that  the  reaction  of  the  eye  to  its  visual 
environment  plays  a.determining  role  in  the  development  of  the  optical 
characteristics  necessary  for  seeing  an^  reading,  that  the  mechanism  of 
this  role  should  be  investigated  in  all  children  as  they  approach  the  read- 
ing age,  andJhaOhe  mechanism  canpot  be  effectively  assessed  by  deter 
minirtS  thc^nellen^^ual  acuity  at  2aft  or    20  in. 


^  REFRA  CTI VE  CHARA  CTERISTICS 

When  a  person  has  2p/20  Snellen  acuity,  it  may,  be  said  that  he  is  able  to 
resolve  letters  that  subtend  1  min  of  visual  angle;  but  little  can  be  said 
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about  how  he  accomplishes  this  resolution.  Hirsch*  has  shovm  that,  if 
one  correlates  th^  refractive  error  determined  by  reiinoscopyVMMhe 
Snellen  visual  acuity,  one  cai). demonstrate  a  considerable $drre|atioji 
(('H).9S)  in  persons  who  show  some  degree  of  myopia.  I  found  a  con^lt? 
tion  of  4*0.84  between  the  same  measures.^^  Little  or  no  correlation  waa . 

•  found  in  persons  who  show  enimetropia  or  sonie  degree  of  hyperopia, 
provided  the  hyperopic  persons  are  not  old  enpugh  to  be  alsa  afflicted 
with  presbyopia..For  practical  purposes,  the  primary  value  of  the  Snellen 

•  acuity  at  either  far  oi[  near  distance  would  be  to  demonstrate  whether  a 
perspirhj»  some  type  of  visual  refractive  error  large  enough  to  prevent 
compensating  for  it  through  the  use  of  accommodation,  head  tilt,  squint* 
ing,  or  other  techniques. 

The  refractiv.e  characteristics  of  the  eye  may  be  readily -determined  by 
retinoscopy,  either  with  or  without  a  cycloplegic  drug,  such  as  atropine 
or  Cyplogyl  (cyclopentolate).  This  technique  provides  an  adequate  de- 
scription of  the  gross  refractive  characteristics  of  the  eye  and  indicates 
whether  the  person  has  any  degree  of  astigmatism  in  conjunction  with  a 
measurable  degree  of  myopia  or  hyperopia.  This  approach,  which  re- 
quirer  some  clinical  skill,  permits  the  clinician  to  determine  which  lens 
or  combination  of  lenses  will  bring  about  the  neutralization  of  his  ret- 
inoscopic  shiidow  in  a  given  eye  under  a  given  set  of  conditions.  If  the 
eye  is  under  complete  cycloplegia  (which  may  be  produced  by  adminis- 
tration three  times  daily  of  1%  atropine  for  4  or  S  days),  the  clinician 
may  state  the  minimum  refractive  ability  of  the  subject's  eye.  Because 
he  is  examining  under  a  state  of  maximally  relaxed  accommodation,  not 
an  ordinary  state,  he  cannot  accurately  predict  what  will  happen  when 
the  eye  is  functioning  without  the  effect  of  the  cycloplegic.  If  he  pe^ 
forms  retinoscopy  without  the  use  of  a^cycloplegic  drug,  but  attempts  . 
to  induce  relaxed  accommodation  through  the  use  of  a  plus  lens,  he  can 
describe  more  accurately  what  the  subject  can  accomplish  visually  under 
more  neariy  normal  conditions.  In  that  case,  the  clinician  may  be  de- 
ceived effectively  by  the  subject,  and  conclude  that  he  has  achieved  a  , 
rather  basic  measulk.  of  refractive  characteris*tici^  whereas  his  results  may 
actually  be  affected  By  a  considerable  degree  of , accommodation  within 
the  eye;  he  is  not  on  much  safer  ground  if  he  depends  on  a  subjective 
refraction,  calling  for  the  patient^s  cooperation  when  he  placed  lens  com- 
binations in  front  of  the  pattent*s  eye  until  the*  level  oT  visual  perfor- 
mance i$  satisfactory. 

In  any^etermination  of  the  refractive  characteristic^  of  the  eye,  one 
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On  discuss  the  findings  in  terms  of  the  types  of  lenses  require^  to  neu- 
tralize the  movement  of  the  retinoscope  shadow  or  to  achieve  maximal  • 
acuity.  If  the  person  requires  a  minus,  diverging  tens  to  neutralize  the 
movement  or  to  achieve  maximal  acuity,  he  may  ht  said  to  have  myopia. 
If  he  requires  a  plus,  converging  lens  to  accompQ^  the  same  ends>  he 
may  be  said  to*have  hyperopia.  If  he  requires  no  lens,  he  may  bt  said  to 
have  emmetropia.  If  he  requires  a  plus  or  minus  cylinder  to  correct  astig- 
matism, he  may  be  said  to  have  hyperopic  or  myopic  astigmatism.  The 
rest  of  this  discussion  will  deal  withrthe  lens  characteristics  required  to 
neutralize  the  movement  of  the' retinoscope  shadow  or  to  achieve  the 
best  subjective  acuity.  An  eye  that  requires  a  minus  lens  will  be  a  "myopic 
eye'*;  no  lens,  an  ^'emmetropic  eye",  and  a  plus  lens,  a  **hypcropic  eye." 
The  distinction  between  myopia  and  nonmyopia  is  arbitrarily  taken  as 
the  use  of  a  minus  lens  to  neutralize  the  movement  of  the  retinoscope 
shadow  or  to  achieve  best  visual  acuity  subjectively* 


OPTICAL  CHARACTERISTICS 

The  detej^ination  of  the  refractive  characteristics  of  the  eye,  although  a 
great  Improvement  over  the  determination  of  simple  visual  actiity,  does 
not  adequately  describe*  the  optical  characteristics  of  the  eye.  The  refrac- 
tive characte^tic&.depe4\d  on  the  eye  taken  as  a  whole.  The  optical 
characteristicjii^the  characteristics  that  contribute  to  the  total  refractive 
capacity  of  tlie  eye-may  change  greatly  with  respect  to  one  another 
without  producing  or  affecting  a  refractive  errot.  Thus,  an  emmetropic 
person  may  show  a  considerable  change  in  axial  length,' which  is  com- 
pensated by  a  change  in  corneal  curvature,  and  still  iiave  no  refractive 
error,  f&tinoscopy  or  subjective  refraction  is  insensitive  to  changes  in 
the  optical  components,  unless  the  changes  themselves  result  in  an  im- 
balance of  the  optical  components.  Consequently,  retinoscopy  must  be 
supplemented  with  some  techniques  that  will  provide  a  more  accurate 
measure  of  the  optical  characteristics  of  the  eye.  Only  by  combining 
such  techniques  with  the  measurement  of  refractive  error  is  it  possible 
to  describe  what  is  taking  place  over  time  and  then  to  determine  the  re* 
lative  importance  of  changes  tliQt  occur  with  growth  and'wi^h  the  devel- 
opment of  visual  ability. 

The  three  techniques  most  commonly  used  to  su^^plement  retinoscopy 
and  dther  measures  of  refractive  characteristics  are  the  determination  of 
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the  corneal  curvature  by  means  of  keratometryTthe  measurement  of 
distances  within  the  eye,  such  as  the  depth  of  the  anterior'chamber,  the 
thickness  of  the  lens,  the  depth  of  the  vitreous  body,  and  the  overall 
axial  length  of  the  eye  (by  ultrasonography);  and  the  determination  of 
the  curvature  of  the  fron^and  rear  surfaces  of  the  lens  by  oph^almo- 
phacometry.  ^ 

•  Keratometry  permits  a  highly  accurate  measurement  of  thcf'  surface 
curvature  of  a  ball  bearing  but  a  somewhat  less  accurate  measurement  of 
the  curvature  of  the  cornea^  which  is  not  completely  uniform  but  h9fi 
more  than  one  radius  of  curvature.  However,  if  the  same  instrument  is 
used  consistently  on  the  same  eye,  it  is  possible  to  develop  reasonably 
accurate  measures  of  changes  within  the  cornea.  Ophthal^ophacometIy 
is  based. on  the  demonstration  of  Purkinje*Sanson  images,  or  the  reflec- 
tion of  light  from  the  surfaces  of  the  cornea  and  lens.  Essentially,  it  in-  ^ 
volves  directing  two  points  of  light  into  the  eye  and  measuring  the  sepa- 
ratiun  jf  their  reflections  from  the  back  surface  of  the  cornea,  the  front 
<^surface  of  the  lens,  and  the  back  surftce  of  the  lens  (the  second,  third, 
and  fourth  Purkiiye-Sarison  images).       •         '  / 

The  combination  of  measures  of  refractive  error,. corneal  curvature, 
depth  of  anterior  chamber/ front  lens  surface  curvature,  thickness  of 
lens,  rear  lens  surface  "curvature,  depth  of  vitreous,  and  total  axial  length 
provides  an  accurate  description  of  the  optical  characteristics  of  the  eye; 
anything  less  than  this  combination  does  not.  Alihough  we  have  added 
considerably  to  our  knowledge  of  the  basic  characteristics  of  the  eye, 
we  are  stilt  unable  to  describe  exactly  what  wi|i  happen  when  the  eye 
operates  normally,  because  some  of  these  measurements  must  be  made 
while  the  eye  is  under  cycloplegia.  Without  such  a  description  and  ac- 
curate measurements  from  birth  onward  in  me  same  persons,  it  is  not  # 
possible  to  characterize  completely  the  development  of  the  optical  cha^ 
acteristics  of  the  eye.  Fortunately,  technic^ues  are  being  developed  that 
will  permit  the  description  of  ocular  performance  under  dynamic  condi- 
tions, and  it  may  be  hoped  that  a  compile  description  of  the  eye,  in- 
cluding its  static  and  dynamic  characteristics,  may  be  developed  within 
the  next  decade.  / .  / 


Size  I 

Jherc  is  no  direct  evidence  dealing  yvith  the  size  of  the  eye  in  a  living 
human  at  birth  or  during  the  first  2»  years  of  life.  The  reasons  for  the 
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lack  of  infonnation  arc  related  to  the  difficulty  of  applying  the  methods 
outlined  to  neonates  and  very^oung  children.  Consequently,  most  of 
the  information  available  concerning  the  overall  diameters  of  the  eye  has 
been  obtained  by  measuring  eyes  pos/ mortem.  However,  as  soon  as 
blood  pressure  drops,  the  in traocula/ pressure  ^rops  and  the  eye  becomes 
quite  flaccid;  furthermore,  most  in  Pitro  measurements,  even  when  the 
eye  is  perfused  to  reinstate  a  probably  normal  intraocular  pressure,  can 
vary  widely  from  the  measurements  that  would  have  beeft  obtained  in 
vivo.  /  ' 

Sorsby  and  Sheridan '"^  have  provided  possibly  the  best  measurements 
available  on  the  sagittal  or  anterior-posterior  axial  length  of  the  eye  of 
the  newborn  and  of  children  1^6  d^ys  old.  There  is  no  significant  dif- 
ference between  these  two  groups,  and  the  mean  sagittal  diameter  is  ap- 
proximately 17.8  mm  for  both  boys  and  girls.  The  sagittal  diameters  are 
smaller  in  premature  infants,  and  follow  closely  the  body  weight  at  birth. 
In  the  full-term  hahy  of  .some  3,4  kg,  the  sagittal  diameter  is  about  17.5-* 
18.5  mm.  Therefore,  the  sagittal  diameter  increases  by  around  5-7  mm 
during  growth,  if  the  adult  value  is  taken  to  be  23-25  mm.  It  is  likely 
that  the  usual  increase  is4bout  6  mm.  There  is  apparently  little  growth 
during  the  first  2  weeks/of  life. 

Growth  /  • 

^Thc  most  complete  information  available  on  the  growth  of  the  eye  in 
the  living  human  ha/  been  provided  by  Sorsby  and  co-workers'*-^*^*** 
in  a  series  of  studies;  they  used  refraction  techniques,  photographic 
ophthalmophacon/etry,'X-ray,  and  ultrasonic  measurements  to  study  the 
growth  and  development  of  the  huma;i  eye.  A  scries  of  investigations  \y 
van  Alphen^'  supplied  some  o**  the  missing  links  in  our  understanding  v.f 
factors  that  contribute  to  changes  in.  ocular  size.  When  "the  results  of 
these  studies  are  combined  with  those  obtained  by  me  and  my  co- 
workers,^^"** An  humans  and  other  primates,  a  more  complete  descrip- 
tion of  the  growth  characteristics  of  the  optical  components  is  possible. 
yThe  sclera,  choroid,  and  retina  of  the  eye  of  a  primate,  arc  closely  ad-  * 
'nerent  layep  wilh  various  degrees  of  elasticity  that  enclose  more  or  less 
viscid  liquids  to  fonp  a  neariy  spherical  globe.  This  globe  continues  to 
increase  in  size  after  birth. 'According  to  van  Alphen,^*  the  human  eye 
at  birth  i^ three  fourths  of  its  adult  size,  and  all  the  ocular  structures  are. 
probably  still  growing  at  birth.  Thc'adult  size  of  the  cornea  is  rc^ached 
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between  the  first  and  second  years,  at  which  time  the  eye  has  not  yet 
attained  its  adultjize.  Whether  the  sclera  continues  to  grow  after  the 
cornea  reaches  its  adult-size  is  unknown,  but  intraocular  pressure  must 
be  important  in  stretchti^fg  the  sclerar 

The  adult  size  of  the  eye  is  related  to  the  genetic  growtfi  component, 
the  elasticity  of  the  sclera,  the  intraocular  pressure, <and  a  number  of 
^       other  variables  yet  to  be  described.  In  cases  of  congenital  glaucoma, 
large  eyes  with  large,  flat  cdmcas  develop  as  a  result  of  high  intraocular 
pressure  and  scleral  elasticity.  In  cases  of  experimentally  induced  low 
intraocular  pressure,  the  eye  remains  small  (microphthalmia).^  But  even 
in  these  extremes,  as  .well  as  in  most  cases  between  them,  the'eye  remains 
nearly  spherical. 

> 

Shape  ,       .  — 

In  the  hyperopic  eye,  a  companson  of  the  transverse,  vertical,  aQ|^ 
axial  dimensions  based  on  radiographic  measurements  of  I  L  male  adult 
eyes  by  Deller  er  a/.*  showed  no  differences  between  the  transverse  and 
vertical  dimensions,  but  did  show  an  axial  length  significantly  longer 
than  either  at  the  1%  level  of  confidence.  In  the  myopic  eye,  also,  we 
find  that  the  only  significant  deviation  from  sphericity  occurs  in  the 
axial  diameter.  Furthermore,  if  the  same  significance  level  is  used,  there 
is  no  difference  in  diameter  between  the  hyperopic  and  emmetropic 
eyes,  and  the  myopic  eye  is  significantly  longer  than  the  emmetropic 
eye  in  the  axial  diameter  and  significantly  longer  in  every  diameter  than 
the  hyperopic  eye. 

These  comparisons  suggest  thaTthe  eye  is  normally  a  sphere  and  that 
the  shape  is  determined  by  the  variables  of  genetics,  scleral  elasticity, 
and  intraocular  pressure.  A  developing^ey^  that  is  characterized  by  a  low 
intraocular  pressure  and  d  relatively  high  scleral  rigidity  may  remain 
small  in  diameter  even  if  the  genetic  component  is  directed  toward 
greater  size.  Although  one  cannot  evaluate  the  genetic  component 
directly,  it  is  possible  to  measure  scleral  rigidity  and  intraocuFar  pressure 
independently  and  to  estimate  the  contribution  of  the  genetic  compo- 
nent  from  those  measurements.  ^ 

Sorsby  ei  al    conclude  that  the  scanty  data  in  the  literature  on  the 
dimensions  of  the  eye  at  birth  and  in  childhood  suggest; ttiat  diniensions 
almost  equal  to  those  of  the  adult  arc  reached  by  the  age  of  2  yeaTs. 
Moreover,  it  is  likely  that  the  cornea  has  reached  its  adult  size  by  the 

.   .  .    •     _  ■  ; 
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end  of  the  first  year.  Inasmuch  as  the  globe  is  about  18  mm  long  at 
..birth  and  some  5  mm  longer  by  the  age  of  3  years  and  there  is  no  drastic  ^ 
change  in  the  refraction  of  the  eye  in  the  first  3  years,  compensatory 
reduction  in  the  powers  of  the  cornea  and  the  lens  by  as  mueh  as  20 
dioptAs  must  occur  during  that  period. 

Jht  development  of  the  myopic  eye.  witlj  its  exaggerated  axial  length, 
probably  depends  on  the  operation  of  other  variables,  although  the  three 
mentioned -genetics,  sclend  elasticity,  and  intraocular  pressure-may- 
also  pby  a  contribi^tory  rc  le.  Sorsby  et  al    also  found  a  second' growth 
period,  the  juvenile  phasf ,  during  which  the  eye  grows  at  a  lower  but 
measurable  rate  jto  reach  its  m^imum  growth  at  about  ^3-14  years  of 
age.  The  hyperopic  eye  apparently  ney^r  experiences  this  later  grovylh, 
but  remains  arrested  at  the  infantile  phase.  The  emmetropic  eye  should 
also  be  included  in  this  category,  evert  though  it'is  ^^compensated,"  be- 
cause it  does  not  undergo  the  later  growth  changes. 
«    These  growth  changes  arc  based  on  change^  in  axial  length,  vvhich  can 
be  measured  with  phacometry  and  ultrasonography.  It  is  not  possible  to 
'  say  whether  the  totalize  of  the  iye  or  only  the  axial  length  is  increased 
during  the  later  growth  period.  Comparisons  based  on  the  x-ray  measure-  • 
ment  of  adult  eyes  suggest  strongly  that  only  the  anterior- posterior 
axial  length  or  sagittal  diameter  increases  during  this  later  growth  period; 
it  thus  causes  a  chaftge  in  shape,  as  well  as  size,  of  the  glole,  which  is 
probably  not  determined  by  genetic  aspects  of  the  eye  itself.  The  fact 
that  the  dimensions  of  the  eye  remain  relatively  stable  between  the  ages 
of  3  and  1 1  or  12  supports  the  concept  that  ne^)v  factors  contribute  to 
the^owth  of  the  eye  in  the  juvenile  phase. 


MYOPIA  AND  NEAR-WORK 

bne  of  the  eariiest  suggest  ions  as  to  the  nature  of  the  additional  variables 
that  may  influence  eye  growth  dates  back  to  the  early  Cl.Inese,  who  in- 
vented lenses  and  found  that  the  minus  lens  seemed  to  assist  scholars  to 
'see  more  clearly.  In  1813,  James  Ware"  presented  a'paper  to  the  Royal 
Society  of  London  in  which  he  described  his  investigation  on  nearsighted- 
ness. He  found,  for  example,  that  among  10^000  footguards  in  the  British 
Service  not  even  a  half^lozen  men  were  kn^Wn  to  be  nearsiglited.  He 
pursued  his  inquiry  at  a  military  school  at  Chelsea  where  there  were 
1,300  boys;  he  found  that  the  complaint  of  nearsightedness  had  never  * 
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end  of  the  first  year.  Inumuch  as  the  globe  is  about  18  mm  long  at 
^.Mrth  and  some  S  mm  longer  by  the  age  of  3  yean  and  there  is  no  drastic  ^ 
change  in  the  refraction  of  the  eye  in  the  first  3  years,  compensatory 
reduction  in  the  powers  of  the  cornea  and  the  lens  by  as  muih  as  20 
dioptfts  must  occur  during  that  period. 

^.The  dev^opment  of  the  myopic  eye,  witt)  its  exaggerated  axial  length, 
probably  depends  on  the  operation  of  other  variaUes,  although  the  three 
Aentfoned-genetics,  scleral  elasticity ,  and  intraocular  pressure-may^^ 
also  pjbiy  a  ccmtri^^ytory  role.  Sonby  el  a/.    also  found  a  secorid'growth 
period,  the  juvenile  phase,  during  vkdiich  the  eye  grows  at  a  lower  but 
measuraUe  race  jto  reach  its  maximum  growth  at  about  ^3-14  years  of 
age.  The  hyperopic  eye  apparently  ritsHbx  experiences  this  later  growth, 
but  remains  attested  at  the  infantile  phase.  The  emmetropic  eye  should 
also  be  included  in  this  category,  even  though  it' is  '^compensated,"^  be- 
cause it  does  not  undeigo  the  later  growth  changes. 
«    These  growth  changes  are  based  on  changes  in  axial  length,  which  can 
.  be  measured  with  phacometry  and  ultrasonography.  It  is  not  possible  to 
*  say  whether  the  total'size  of  the  (sye  or  only  the  axial  length  is  increased 
during  the  later  growth  period.  Comparisons  based  on  the  x*ray  measure-  * 
ment  of  adult  eyes  suggest  strongly  diat  only  the  interior-posterior 
axial  length  or  sagittal  diameter  increases  during  his  later  growth  period; 
it  thus  causes  a  change  in  shape,  as  well  as  size,  r  f  the  globe,  which  is 
probably  not  determined  by  genetic  aspects  of  the  eye  itself.  The  fact 
that  the  dimensions  of  tlie  eye  remain  relatively  stable  between  the  ages 
of  3  and  1 1  or  1 2  supports  the  concept  that  ne^  factors  contribute  to 
the^wth  of  the  eye  in  the  juvenile  phase. 


MYOPIA  AND  NEAR-WORK 

> 

6ne  of  the  eariiest  suggestions.as  to  the  nature  of  the  additional  variables 
that  may  influence  eye  growtKT  dates  back  to  th^  ^arty  Chinese,  who  in- 
vented lenses  and  found  that  the  minus  lens  seemed  to  assist  scholars  to 
'  see  more  cleariy.  In  1 8 1 3,  James  Ware^^  presented  a'paper  to  the  Royal     '  v 
Society  of  London  in  which  he  described  his  investigation  on  nearsighted- 
ness. He  found,  for  example,  that  among  hO^OOO  footguards  in  the  British 
Service  not  even  a  half-dozen  men  were  kn^Wn  to  be  nearsighted.  He 
pursued  his  inquiry  at  a^military  school  at  Chelse^  where  there  were 
1,300  boys;  he  found  that  the  complaint  of  nearsightedness  had  never  • 
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ever,  ihcrc  appear  lo  be  some  persons  who  do  nol  develop  myopia  unlil 
after  age  18:  Ihey  lend  lo  stabilize  abound  the  age  of  24,  Approximately 
8^  of  U>St  grade  school  whilda*n  an?  myopic.  IO-15'S  of^junior  high 
school  children.  15-25'^  of  high  school  children,  25-50^'  of  college  stu- 
dents, and  40-60  /  of  graduate  sluflents^  In  a  study  made  at  WasliMgton 
State  University,  44%'  of  400  college  freshmen  wcr^mycTpic/''  By  the 
time  this  group  reached  the  junior  year.  56'^  had  dropped  out  of  the 
university,  and  the  proportion  who  were  myopic  had  increased  to  50^ 
Among  148  men  m.the^ honors  college,  57'^  were  myopic,  and  among 
Z2b  women  m  the  samv  college.  60^,^  were  myopio 

EdiuaUrtrt  Mrsus  Intdli^cnu 

{{ this  consistent  finding  lliat  the  proportion  of  myopic  persons  In^ 
creases  with  years  of  schooling  is  accepted  and  combined  with  the 
known  aiationship  between  intelligence  level  and  years  of  schooling 
(which  pufaiicK  thai  lui  ihc  ucVvlopiTiciii  uf  iiiyupuJ.  li  iuigiii  bv  vun- 
Cluded-that  the  myopic  person  who  pa*dominates  at  the  higher  educa- 
tional levels  IS  also  more  intelligent  than  the  nonmyopic.  It  should  even  * 
be  possible  to  estimate  inteliigencc  by  determining  the  refractive  char-  * 
pctenstics  of  the  eye  Most  of  the  studierthat  have  attempted  to  dem- 
onstrate a  relationship  between  intelligence  and  refractive  error  have 
found  none,  except  when  intelligence  was  mcasua'd  by  written  tests  ^ 

/  There  is  a  pcKitive  a'lationslup  between  performance  on  such  a  test  and 
refractive  err&r  myopic  persons  lend  to  score  hig|icr  than  nonmyopic 
However,  when  arading  ability  is  statistically  adjusted  for.  the  correla- 
tion of  refracti'Se  error  an^  intelligence  approximates  zero  Tlie)nyopic 

*  person  iva  substantially  better  reader  than  the  nonmyopic  '  ^ 

Myopia  and  Pemmalitv 

i 

Studies  of  the  persoriahty  characteristics  ot  myopic  and  nonmyopic  per- 
sons indicate  that  there  are  consistent  personality  characteristics  asso- 
ciated with  myopia       ^9     g^^peral,  the  myppic  person  tends  to  be 
introverted>  and  the  nonmyopic,  extroverted  Several  investigators  have 
found  x\\\\  myopic  pcrson^s  on  the  average  make  significantly  better 
grades  in  college  than  emmetropic  or  hyperopic  students,  tend  to  be 
more  introverted  in  thinking  and  in  social  K*havior  than  emmetropes, 
and  are  more  emotionally  inhibited  and  less  inclined  to  motor  activity 
than  nonmyopes       It  may  \k  asked  whether  the  myopic  personality 
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iharactehstics  are  present  before, the  myopia  develops  and  lead  to  the 
development  of  myopia,  or  whether  the  myopia  catises  the  development 
of  the  personality  characteristics.  Apparently^  the  personality  characy!^ 
istics  precede  the  development  of  myopia,  inasmuch  as  the  characteristics* 
may  be  distinguished  as  early  as  the  kindergarten  and  Tirst-grade  years* 
whereas  the  myopia  usually  does  not  develop  until  the  fifth*  and  sixth- 
grade  years. 

In  spite  of  the  consistent. pat  tern  that  has  been  described,  it  is  not  pos- 
sible to  conclude  without  more  defmite  investigations  that  reading  lead$ 
to  myopia.  It  is  clear  that  most  children  learn  to  read  in  Uiis  culture  at 
approxilhately  6*7  years  of  age,  whereas  myopia  ordinarily  does  not 
develop  before  the  age  of  1 1  or  12.  Simtlariy,  the  development  of  sec- 
ondary sexual  charactenstics  does  not  begin  until  12-14  years  of  age. 
Many  have  aigu.ed  that  myopia  is  a  delayed  hereditary  phenomenon  that 
does  not  develop  until  puberty.  Sorsby  etat.^^  specifically  considered 
the  possible  relationship  of  Height,  weight,  general  growth  rate,  such 
traits  as  color  of  iris,  hair,  and  skin,  and  puberty  to. myopia.  They  con- 
cluded that  no  correlation  could  be  found.  The^  was  nothing  to  suggest 
a  spurt  of  ocular  growth  at  puberty,  nor  did  variations  in  the  age  of  on-^ 
set  of  menstruation  influence  ocular  growth  or^  ocular  coordination. 
Others  had  reported  \|miiar  findings -that  the^  is  no  relationship  be- 
tween physical  charact^tics  and  the  development  of  myopia  or  be- 
tween nutritional  characteristics  and  myopia  A  provided  the  nutrition  is 
adequate)^*  •  / 


Myopm  md  Heredity 

Although  there  is  general  jigr.»cment  that  myopia  is  related  to  hereditary'  * 
^  or  environmental  factors,  thenf  is  no  agnofement  as  to  their  relative  con- 

tributions. The  disagreement  is  due  |o  the  inability  of  investigators  to 
evalinite  these  .contributions  expenmentally  Only  the  experimental  ap- 
proach provides  control  over  variables,  which  is  essential  to  such  an 
evaluation 

An  expenmental  design  that  permits  control  over    variables  would  ^ 
be  desirable,  but  one  that  permits  control  over  either  the  hereditary  or 
the  environmental  factor  is  essential  The  use  of  identical  twins  in  the  ^ 
;  typical  co-twin  control  study  holds  hereditary  factors  constant,  and  com* 

.  pic'tc  control  of  the  cnvironmeni  would  permit  holding  environmental 
vanabics  constant  '  * 

ERLC  '64 


Dtixhpmmt  of  Optical  C/mmciensfia  for  Seeing 


With  human  subject'^,  it    caMcr  lo  hold  heredity  vonstant  through 
the  use  of  identical  \  in&  !h:»n  U  i^*  to  control  environmental  factorv  Tlie 
cficcts  of  near-work  qn  the  development  ot  myopia  could  be  tested  by 
having  one  twm  engage  in^httle  or  no  near  work  while  the  other  twin  did 
a  great  deal  o^  near-work  Thi^  situation  could  be  replicated  over  a  nunv 
ber  of  pair>  of  twins,  and.  the  ontount  ol  near-work  arid  the  age  at  which 

done  could  be  obtained  Unfortunately, .this  study  has  not  been  ' 
madt\  and  it  is  noi  likely  lo  be  made,  because  the  obstacles  faced  m  ob- 
tainihg  enough  twins  and  exerc;sing  the  nec^^sary  degree  of  control  over 
their  behavior  are  virtually  insurmountable 

TJie  idenucal  lwi^.  approach  is  not  the  only  adequate  e^penmental 
test  of  the  near-work  hypotlusis.  The  converse  of  the  co-t^vin  study  may 

.  be  used  Subjects  ot  different  herediloD  constiiulions  ma>.be  exposed 
to  the  same  near  work  vondiliuns  W  all  subjects  develop  the  same  amount 
of  niryopia  at  the  same  rate>  heredity  can  be  assumed  to  play  no  role  m 

.  the  development  ol  fn>upia.  If  none  of  the  suh]evts  develops  myopia  at 
a  rate  different  trom  that  shown  by  a  contcal  group  not  expoiUrd  to  neai 
work  situations,  environment  van  \k  Asumed  to  play  no  role.  Fmall>«  if 
the  experimental  subiei.ts  do  not  develop  myopia  at  the  same  rate,  but 
the  rate  is  Mgnilicantly  greatt:;  m  the  near  work  than  m  the  control  sUwa 
tion,  ir  can  be  assumed  that  there  is  an  intwrattion  between  heredity  and 
environment  Tlie  problems  fated  in  pursuing  this  type  of  experimental 
approach  with  hmflan  subjcwlsare  i^omparable  mth*tliose  confronted  in 
the  to-twm  conlrolapprujch  Tlje  availability  of  animals  whose  visual 
charactenstsCs  are  sunijar  icrrnan  s  makcN  thc^sciond  type  o'' approach 
feasible  UialiH  of  the  degree  of  i^onirof  that  can  be  exerviscd  over 
ammaN  .  *  . 

Axties  of  studies  has  dt  monstr4^i.d  that  >abhMMtan  primalc>.  partii^u- 
lariy  numkc\  s  ♦.^nd  ihin'*pan/ees.  develop  m>op;a  under  experimental 
condition^  that  jentra t  visual "^pate  to  ,^  distanc*:  of  les^  than  20  m  from 
the  eye  Ahout  thrci;  fourths  ol  al!  adult  monifeys  placed  m 

the  rottitt     ^patc  4um  an  inwrcjH:  in  mmus  retractive  error .  und  more 
than  half  the  ansmals  >4v.m  .ippruximatcty  one  h  ilf  diopter  of  myopia  or 
more  wajiun  ?  month^^ttcr  being pKaed  in  it.  U  young  animals  ( 1  or  2 
years  oldi  are  pLc  :d  tn  this  Mtuatiun.  it  requires  a  longer  period  4-5 
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months-  before  my  myopic  chanips  are'  shown,  but  once  thc^y  begin,  \ 
they  Rrocced  much  tnofi  rapidly  ^n  in  the  tfHult  animals.  If  adolescent  \ 
animals        years  old^-are  placed  in  this  situation,  the  onset  of  myopia*! 
occuri(  in  2  or  3  months/and  thr^tal  degree  of  myopia  developed  is 
greater  than  in  the  adult  animus  and  less  than  in  the  younger  animals. 
This  suggests  the  possibility  th&t  the  younger  animals -and.  by  analogy « 
the  younger  humans-are  able  to  withstand  the  stribsses  and  strains  of 
the  near-work  situation  for  a  )on^r  period  than  the  older  animals*  but  . 
that,  once  they  start  to  respond*  they  are  capable  of  making  a  greater 
iprsponse  than  the  older  animals.  In  all  groups  of  animals^  approximately 
'65-75%  show  myopic  changes  under  these  experimental  conditions. 

When  a  grov.p  of  newly  captured  rhesus  monkeys  were  examined, 
only  1 2  of  600  eyes  were  found  to  have  any  myopta«^^  Among  wfld  and 
laboratory  monkeys*  the  mean  ancf  median  refractive  errors  were  found 
to  be  significantly  more  hyperopic  in  the  newly  captured  rtiesus  mon- 
keys, the  younger  monkeys,  anu  wild  monkeys  in  general.  More  myopia 
was  found  among  pig-tailed  monkeys,  older  monkeys,  and  laboratory 
monkeys.  When  the  monkey  population  is  separated  into  .wild  and  labora: 
tory  animals  ^nd  these  are  compared  with  the  hillman,  Washington,  ^ 
population  of  human  subjects  (charggt^pzed  by  a  high  proportion  of 
readers)  and  the  nonreading  Washmgton,  D.C  subjects  studied  by  Kempf 
et  alj^  there  is  good  agreement  between  the  laboratory  animals  and  the 
reading  hpman  population  and  between  the  wild  animals  and  the  non* 
reading  hyman  population.  This  suggests  a  smiilarity  between  the  effect 
of  the  laboratory  environment  on  the  refractive  ch^cteristics  of  the 
monkey  hyt  and  the  effect  of  the  undefined  characteristic  that  causes 
an  intellectually  oriented  population  to  have  a  higher  incidence  of 
myopia  than  a  noninteilectualiy  oriented  populatii)jD. 

Steiger    and  some  of  his  followers  have  suggested  that  myopic  pe^ 
sons  gravitate  to  professions  in  which  myopia  is  an  aid,  rather  than  a 
hindrance,  and  consequently  end  up  in  an  intellectual  profession.  Thus,  « 
it  may  be  that  myppic  monkeys  are  particularly  well  suited  for  labora* 
tory  work  and  that  they  choose  this  profession.  But  if  that  is  the  case, 
why  are  there  so  few  myopes  among  the  wild  monkeys  destined  to  be-* 
come  Vibratory  animals? 

The  relationship  between  wild  and  laboratory  monkeys  has  been  in* 
vesUgated  more  intensively  by  companng  animals  that  have  been  matched 
for  sext^nd  species*  because  there  are  sex  and  species  differences  in  re- 
fractive charactenstics  among  monkeys  that  parallel  the  sex  differences 


Derehpntent  of  Opiical  Characterfstics  for  Seeing 


found  in  humans,^  When  2^9  wild  monkeys  were  compared  with  323 
laboratory  monkeys,  the  wild  monkeys  were  found  to  be  signifieantly  , 
more  hyperopic  than  the  laboratory  monkey's.  When  143  wild  monkeys 
were  hiatched  against  the  same  number  of  laboratory  monkeys  on  the 
basis  of  species,  age,  sex,  arid  weight,  the  same  results  were  obtained. 
Furthermore,  when  50  inside-cage  animals  were  matched  against  50 
outside-pen  animals  on  the  basis  of  species,  age,  sex,  weight,  diet,  time 
in  captivity,  and  time  spent  in  cage  or  pen.  the  cagCd  animals  were  sig- 
nificantly more  myopic  than  the  outside-pen  animals.  Because  any  heredi- 
ttfry  contributions  were  confounded  by  the  random  factprs  involved  in  - 
capture  and  placement  of  the  monkeys,  and  the  influences  of  age,  sex, 
and  diet  were  reduced  by  the  matching  procedures  used,  the  conclusion 
that  restriction  of  visual  environment  has  an  effect  on  thc  tefractivc 
characteristics  seems  to  be  supported. 

Control  animals  placed  in  chairs  similar  to  those  used  in  the  visually 
restricted  space  but  without. the  visual-restriction  hoods  showed  an  aver- 
age change  of  one  eighth  of  a  diopter  over  a  1-year  period,  while  the  ex- 
perimental animals  were  lowing  changes  greater  than  one  diopter  over 
the  same  period.  ' 

An  attempt  was  made  to  evaluate  the  effect  of  different  levels  of  illu- 
mination on  the  development  of  myopia  in  the  visually  restricted  space.^^ 
Three  groups  of  animals  were  kept  in  the  space  for  7  months,  three  ani- 
mals a^t  a  leveUf  illumination  of  25  foot-candles  (fc),  six  animals  at  4  fc, 
and  four  animals  at  0.02  fc.  Tlie  animals  at  4  fc  developed  an  average  of 
three  fourths  of  a  diopter  of  myopia,  whertras  the  animals  in  the  other 
two  groups  developed  one  fourth  of  a  diopter  of  myopia  in  the  same 
period.  This  difference  is  significant  at  the  1%  level  and  suggests  that  the 
level  of  illumination  plays  a  role  in  the  development  of  myopia,  with 
lower  levels  l^aring  a  greater  influence  pn  the  development  of  myopja  ^ 
than  higher  levels  (possibly  because  of  variations  in  the  amounj  of  ac- 
commodation exerted),  except  for  the  extremely  low  levels,  which  had 
little  effect  In  other  words,  the  effect  of  illumination  on  myopia  in-  ' 
creases  with  an  increase  in  illuininatipn  up  to  4-5  fc.  As  the  level  of  illu- 
mination is  further  increased,  the  effect  oa  myopia  decreases!  • 

If  near-work  has  an  cffect.on  the  development  of  myopia,  it  sliould 
operate  with  some  relationship  to  the  changes  that  occur  when  ope  loSks 
from  a  far  to  a  near  object.  The  t^o  major  changes  are  in^accommbda- 
,  tion  and  in  convergence.  To  investigate  the  effect  t)| changes  in  accom- 
modation, a  group  of  monkeys  were  placed  in  the  near-work  situation 
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'until  they  started  to  shgw  the  changes  toward  myopia^;  the  animals 
then  continued  io  the  situation  but  were  givjen  thf|!e  drops  of  l%iiroptne 
each  day  for  2  months.  During  that^period,  the  myopia  decreased  by 
about  one-half  diopter  and  remained  constant  f()r  the  duration  of  the 
sti/dy.  This  suggests  that  accommodation  plays  a  role  in  the  near*work 
effect.  Several  studies  by  clinical  investigators  have  shown  that  children 
placed  on  cycloplcgics  show  little  or  no  change  toward  myopia  while  the 
cycloplegic  is  in  effect.'-^  Sato**  found  that  Japanese  children  taking  a  - 
cycloplegic  daily  showed  a.  regression  in  the  measured  amount  of  myopia 
of  approximately  one-half  to  three^fourtjis  diopter  as  long  as  they  were 
kept  on  the  cycloplegic;  shortly  after  they  stopped  taking  it,  they 
showed  a  further  increase  in  niyopia.  Current  studies  on  monkeys  kept  , 
.  in  the  visually  restricted  space  show  no  changes  in  refractive  character- 
isTiis  until  a  spasm  of  accommodation  develops.  (Ultrasound  measure- 
.  *  ments  and  corneal  measurements  are  combined  with  refractive  measure- 
ments in  these  studies.)  Under  these  conditions;  the  eye  accommodates 
and  maintains  the  accommodation  for  some  period  without  relaxation. 
If  this  spasm  is  maintamed  for  a  month  or  more,  it  is  followed  by  an  in- 
crease in  axial  length,  which  apparently  continues  as  long  as  the  spasm 
continues.  Sato  reduced  the  spasm  of  accommodation  through  the  pro- 
longed use  of  cycloplcgics;  but  as  soon  as  the  subjtjcts  were  taken  Off 
cycloplcgics,  they  returned  to  their  near-work  environment  and  again 
.  established  a  spasm'of  accommodation,  which  resul^^4n-ft»^her  in- 
creases in  myopia.  -  "  ^ 

Studies  by  van  Alphen^'  clcariy  support  the  finding  that  tension  on 
the  choroid  is  incr<iased  during  the  act  of  accommodation.  If  accommo- 
dation were  prolonged,  the  tension  on  the  choroid  against  the  vitreous 
body  would  tend  to  reduce  the  blood  flow  througli  the  choroid  and  re- 
sult in  ischemia  of  the  choroid  and  the  retina,  which  depends  on  the 
choroid  for  its  blood  supply.  This  prolonged  state  of  lowered  blood 
supply  could  result  in  a  gradual  weakening  of  the  retina,  choroid,  and  , 
sclera  and  a  stretching  of  the  layers  at  (he  posterior  pole  of  the  eye, 
^  ^    .  which  would  increase  the  anterior-posterior  axial  length.  Subjects  who 
do^n^t  have  this  prolonged  spasm  of  accommodation  would  probably 
,  .  Httt  develop  ischemia  or  the  weakening  of  the  eye'  itself. 

AH  these  findings  have  been  derived  from  studies  on  animals  that  can 
be  placed  in  a  situation  of  controlled  visual  environment.  However,  we 
are  concerned  primarily  with  human  subjects,  and  it  is  important  to 
demonstrate  that  the  optical  characteristics  of  animals  are  similar  to 
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those  of  humans.  Leary  and  I  have  made  such  a  comparison  between  the 
development  of  myopia  in  chimpanzees  at  HoHoman  Air  Force  Base  and 
human  subjects  studied  in  London.  This  comparison  shows  that  the  an- 
nual rate  of  change  in  vertical  ocular  refraction  is  the  same  in  humans 
and  chimpanzees,  but  with  more  variability  in  the  latter  The  only  msuor 
difference  between  the  human  and  the  chimpanzee  in  terms  of  the  opti- 
cal characteristics  that  accompany  myopia  is  that  the  vertical  corneal 
power  change  decreases  in  the  human  but  increases  in  the  chimpanzee. 
The  changes  in  iens  power,  the  power  Of  the  eyt ,  and  the  reduced  axial 
length  are  comparable  in  chimpanzee&^and  humans,  and  in  general,  the 
course  of  develo)?ment  of  myopia  in  humans  and  chimpanzees  is  the 
same  except  for  the  previously  mentioned  variability  and  the  changes  in 
vertical  corneal  power.  As  a  result  of  this  basic  similarity,  it  should  be 
[Possible  to  study  the  influence  of  various  factory,  both  environmental 
and  genetic,  on  the  (}^ye|ppr^ent  of  myopia  in  chimpanzees  ind,  by  ex- 
tension, on  other  pjjjtttaXcs  md    generalize  the  findings  to  the  humans. 

If  it  may  be  said  that  the  visually  restrictive  environment  leads  to 
myopia  in  subhuman  primates,  what  effect,  if  any^  does  heredity  have 
on  the  development  of  myopia  in  these  primates?  I  found  no  relation- 
ship between  offspring  and  parents  in  refractive  characteristics.^^  Simi- 
larly, when  intersibling  correlations  were  determined  on  human  subjects, 
^  np  relationship  w^s  found  between  one  sib  and  the  other  in  refractive 
characteristics,  although  there  was  a  significant  correlation  in  heighjt, 
weight,  and  IQ,^^  Thus,  environment  appears  to  have  a  more  important 
role.than  heredity  in  the  development  of  myopia. 

The  monkey  studies  suggest  that  there  is  little  or  no  piyopia  without 
restriction  of  visua^  space  and  that,  if  orie's,visual  space  is  resflKted, 
myopia  will  develop  and  will  do  so  more  rapidly  under  low  levelsolV 
illumination  than  under  quite  high  levels  of  illumination. 


STUDIES  ON  ESKIMOS 

Recently,  we  studied  the  visiw  of  an  Eskimo  population  at  Barrow, 
Alaska.  Several  investigators ^^  '^  have  found  that  primitive  peoples  who 
Jo  not  read  or  engage  in  substantial  near-work  have  virtually  no  myopia. 
Cass  states  that  **myopia  is  unknown  among  the  pure-blooded  adult 
Eskimo.  The  majority  have  negligible  refractive  errors  and  a  small  num- 
ber have  low  hypcmictropia.*'^  Skellcr  has  indicated  that  in  the  Ang- 
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^lagssalik  Eskimo  population  the  incidence  of  myopia  is  not  more  than 
2%.'^  The  Eskimos  at  Barrow  appeared  to  be  a  desirable  population  for 
study,  in  that  three  generations  were  available  within  the  village.  Furthe^ 
'more,  the  number  of  .children*  per  family  is  high,  with  an  average  of 
eight.  Only  the  {vesent  generation  has  had  required  schooling  compa- 
rable with  that  in'the  older  states.  Thus,  there  was  the  possibility  of  both 
a  genetic  study  and  a  study  of  the  effects  of  schooling  and  of  reading 
under  low  illumination  on  refractive  characteristics. 

In  Barrow,  houses  are  not  equipped  with  light  meters,  and  the  city 
utility  charges  its  qjustomers  on  the  basis  of  a  unit  consisting  of  the  con-, 
sumption  of  a  40-W  bulb  per  month.  Because  the  winter  months  are  com- 
pletely without  daylight,  students  must  read  either  under  the  adequate 
fluorescent  lighting  in  the  school  buildings  or  in  the  inadequate  incan- 
descent light  at  home.  This  is  a  situation  somewhat  comparable  with 
that  of  the  monkey  studies  in  which  the  animals  were  kept  in  a  visually 
restricted  space  under  low  illumination. 

The  study  was  done  on  508  volunteer  family  members  on  whom  com- 
plete data  were  obtained.  Because  volunteer  subjects  may  be  biased  in 
favor  of  visual  problems,  a  follow-up  study  was  made  of  all  the  Eskimo 
schoolchildren  in  Barrow  under  1 7  years  of  age.  The  proportions  of 
various  refractive  errors  are  similar  in  both  groups. 

Figure  1,  based  on  data  frpni  the  original  group,  presents  the  propor- 
tion of  persons  requiring  a  minus  lens  for  correction,  by  age  groupings 
from  6  to  88  years  of  age.  No  myopla  exists  in  the  oldest  generation- 
those  over  SO.  This  is  .in  line  with  the  reports  of  little  or  no  myopia 
among  Eskimos.  In  the  second  generation,  from  26  to  SO,  there  is  more 
myopia  among  the  younger  persons:  fewef  than  S%  of  the  41-  to  SO- 
year-olds  have  myopia,  approximately  23%  of  the  3 1-  to  40-year-olds,  ^ 
and  44%  of  the  26-  to  30-year-olds.  Overall,  about  21%  of  the  second 
generation  are  myopic.  An  amazing  88%  of  the  21-  to  2S-year-olds  have 
myopia,  about  S8%  ©f  the  16-  to  20-year-olds,  and  S2%  of  the^l  1-  to 
1  S-year-olds,  for  an  overall  62%  of  the  II  -  to  2S-year-olds.  As  indicated 
eariier,  myopia  usually  does  not  develop  until  approximately  11-12 
years  of  age;  consequently,  we  would  not  expect  to  see  a  great  degree  of 
myopia  below  this  age  level.  If  the  6-  to  10-year-olds  are  included,  the 
overall  percentage  for  the  third  generation  {6-2S  years  old)  is  43%.  We 
rarely  And  such  high  proportions  of  myopia  among  white  subjects  living 
in  the  United  States  or  Europe. 

Figure  2  is  a  plot  of  the  mean  refractive  characteristics  of  the  same 
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FIGURE  1  Percentile  of  myopes  tn  different  age  groups  of  Barrow  Eskimos  Cnumber'of  per- 
sons measured  in  parentheses). 


age  groups.  It  can  be  seen  again  that  most  of  the  older  persons  are  hy- 
pcropic,  but  those  between  11  and  25  years  old  are  myopic.  The  average 
refractive  error  of  the  21-  to  25-year-olds  is  approximately  -2  diopters. 
Most  of  the  members  of  thie  oldest  generation  live  the  typical  Eskimo 
life,  which  involves  no  reading  and  much  outdoor  activity,  inasmuch  as 
they  depend  on  hunting  and  fishing  to  provide  their  food.  At  the  time 
of  the  Second  World  War,  the  arr^ed  forces  began  to  gather  the  second- 
generation  men  as  employees,  and  these  men  moved  their  families  Into 
the  village  of  Barrow.  These  Eskimos  learned  to  read,  and  the  data  show 
that  among  them  the  proportion  of  myopia  begins  to  increase.  The  per- 
sons under  25  years  old  have  had  compulsory  schooling  comparable  with 
that  required  of  children  in  the  older  states. 

It  is  difficult  to  see  how  such  a  great  increase  in  myopia  could  be  ac- 
.  complished  by  hereditary  changes  within  only  three  generations.  Thus, 
it  appears  again  that  the  visual  environment  plays  a  large  role  in  the 
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FIGURE  2  Me«n  refractive  error  m  different  age  groups  of  Barrow  Eskimos.  Same  subjects  as 
in  pigurc  1, 
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development  of  myopia  and  that  the  suggestions  of  Ware^^  and  Blagden^ 
are  applicable  to  this  Eskimo  population.  In  addition  to  reading  with 
poor  lighting  for  long  periods,  many  of  these  children  are  overcorrected, 
which  increases  the  amount  of  accommodation  required  for  them  to 
read.  All  these  conditions  are  conducive  to  the  development  of  myopia 
if  myopia  results  from  an  exertion  of  continuous  accommodation. 

As  has  been  pointed  out  by  Price, there  has  been  a  great  change  in 
the  diet  of  the.Eskimos  during  the  period  in  questidn.  That  adds  another 
variable  that  may  be  related  to  the  development  of  myopia.  Cass^  ex- 
plains the  absenc  of  myopia  among  adult  Eskimos,  and  its  appearance 
among  children     jng  with  dental  caries),  as  due  to  change  from  a  tra- 
ditional high-protein  diet  to  a  high-carbohydrate. diet.  Two  facts  should 
be  considered  ii^  evaluating  the  possible  effects  of  diet  on  the  develop- 
ment of  myopial  the  diet  is  essentially  a  U.S.  diet,  but  the  incident  of 
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myopia  far  exceeds  that  in  the  Umted  States;  and  diet  was  not  a  factor 
in  the  development  of  myopia  in  monkeys  under  similar  environmental 
conditions. 
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Because  our  purpose  here  is  to  (fcterminc  thiiofe  of  various  factors  in 
the  failure  to  learn  to  read,  we  should  turn  trom  those  who  have  become 
'.efficient  readers  (and,  apparently  as  a  result,  have  become  myopic)  to 
those  who.do  not  become  efficient  readers  and  usually  do  not  become 
myopic.  As  has  been  stated  many  times,  there  are  few  myopes  among 
schooWropouts,  and  most  school  dropouts  have  good  distance  vision. 
It  is  conceivable  that  this  good  distance  vision  may  be  part  of  the  reason 
they  have  never  learned  to  read  well.  The  hyperopic  person  is  capable  of  ^ 
seeing  quite  well  at  far  d»:,lar/:e  with  the  exertion  of  a  small  amount  uf 
accommodation,  but  must  exeri  an  even  greater  amount  of  acCommoda- 
tion'when  he  attempts  to  read,  lliese  great  amounts  of  accommodation, 
which  permit  him  to  read,  are'likely  to  result  in  serious  visual  symptoms 
that  appear  to  be  unrelated  to  the  eye  itself.  He  may  develop  double 
vision,  inability  to  concentrate,  blurred  images,  nausea,  and  general  mal- 
aise. If  the  hyperopic  person  avoids  reading,  he  readily  avoids  all  these » 
symptoms.  He  will  be  loiith  to  spend  any  time  in  reading,  because  he 
finds  it  distasteful.  Without  practice,  one  cannot  become  a  good  reader. 
Therefore,  he  finds  it  difficult  to  master  his  schoolwork  at  the  level  at 
which  reading  istjsscntial  and  may  eventually  become  a  dropout.  If  such 
a  person  is  examined  with  a  Snellen  chart  for  near  vision,  he  is  likely  td' 
show  normal  visual  acuity  for  short  periods,  and  his  visual  problems  are 
likely  to  be  ignored.  . 

The  emmetropic  person  should  be  able  to  read  effectively  as  well  as 
to  see  clearly  at  long  distance  and  should  not  have  to  exert  any  mbre 
accommodation  to  read  than  a  corrected  myope  would  have  to  exert. 
Thus,, he  should  be  as  comfortable  as  the  myope  in  reading.  However, 
the  myope  apparently  can  adjust  satisfactorily  to  reading,  so  much  so 
that  he  does  a  great  deal  of  it,  whereas  the  emmetrope  may  or  may  not 
be  equipped  to  become  an  efficient  reader,  and  whether  he  can  become 
one  can  be  determined  only  by  the  skillful  application  of  visual  measur- 
ing techniques,  and  not  simply  by  measuring  visual  acuity  at  long  or 
short  distances.  Because  the  myope  has  exerted  a  self-selection  process, 
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-  in  that  he  has  tested  himself  for  reading  and  has  found  that  he  can  ac- 
,    compHsh  this  task  efficiefftly,  we  could  probably  conclude  that  the 
average  myope  is  better  equipped  to  read  than  the  average emmetrope. 
'  Furthermore,  inasmuch  as  the  my6pe  shows  a.decrejjient  in  visual  per- 
formance on  the  Snellen  distance  acuity  chart,  he  would  be  referred  to 
a  vision  specialist-either  an  ophthalmologist  or  an  optometrist.  The 
specialist  would  subject  him  to  a  clinical  examination  and  determine 
whether  he  had  any  other  prol^lems,  su^h  as  suppressions,  anisometropia, 
or  phorias,  that  co^uld  affect  his  reading  pjjrformance.  Thus,  he  would  , 
have  demonstrated  a  general  ability  to  read  and  would  be  properly  fitted 
with  glasses  to^take  care  of  a  visual  deficiency.  The  emmetrope,  how- 
ever, would  successfully  pass  the  Snellen  test,  would  not  be  referred  to 
"a  specialist,  and,  consequently,  could  have  any  number  of  unrecognized 
-    visual  problems  that  would  affect  h»is  ability  to  read. 

For  example,  the  emmetrope  co.uld  have  astigmatism  of  a  magnitude 
that  would  affect  his  reading  performance  and  yet  be  able  to  pass  a 
Snellen  test  successfully.  He  could  have  accommodative  problems  that 
would  make  it  diWcult  for  him  to  get  equally  clear  imagesTn  both  eyes,  , 
so  that  his  accommodation  would  be  in  a  continual  slate  of  activity, 
seeking  to  clear  different  images  on  each  retina.  Ii.is  activity  might  cause 
a  good  dedl  of  asthenopia  or  visual  discomfort  and  make  reading  diffi-  . 
cult.  The  emmetrope  could  become  an  alternate  suppressor  because  of 
the  difficulty  of  handling  these  different  images,  and  he  could  pass  the 
Snellen  test  using  either  eye  or  both  eyes  together,  and  yet  be  essentially 
one-eyed  as  far  as  reading  is  concerned,  with  a  resulting  decrease  in  read- 
ing efficiency.  He  could  have  convergence  problems  ^nd  overconverge  or 
not  be  able  to  converge  sufficiently.  It  is  possible  to  have  too  much  or 
too  little  convergence  for  the  amount  of  accommodation  exerted.  But 
the  interrelationship  between  accommodation  and  convergence  cannot 
be  defected  by  a  pimple  test  of  acuity  or  a  standard  clinical  refraction.  It 
should  be  ^tressed  that  t'he  hyperope  and  the  myope  may  have  similar 
problems,  but  or.b  the  myope  is  likely  to  be  corrected  for  these  prob- 
lems, because  of  tile  ease  of  detecting  myopia  in  the  school  situation. 

Any  child  who  has  reading  difficulties  should  be  given~a  thorough 
examination  by  a  qualified  orthoptist  as  well  as  a  qualified  optometrist 
or  ophthalmologist.  The  accommodation-convergence  relationship  should 
be  carefully  investigated;  all  refractive  errors  should  be  corrected  and 
deficiencies  in  accommodation  and  convergence  should  be  determined. 
Only  with  properiy  coordinated  converge^e  and  accommodation  and. 
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properly  corrected  refractive  errors  can  a  person  be  visually  equipped  to 
read  effectively.  This  type  of  evaluation  ideally  involves  a  refraction  with 
and  without  cycloplegia.  as  well  as  the  Ihorough  evaluation  ot\the  accom-  ^ 
modation^^'onvergencc  relationship.  Sech  an  examirSTRTn  is  usually  not 
given  by  either  the  optometrist  or  the  ophthalmologist  in  his  ordinary 
clinical  procedures.  Because  the  person  who  is  reading  effectively  has 
demonstrated  that  he  does  not  have  serious  problems  along  these  lines, 
only  the  person  with  definite  readmg  problems  would  have  to  be  ex-  * 
amined  this  thoroughly.  Until  suc.h  visual  examinations  are  made,  it  is 
not  possible:  to  rule  out  visual  defects  as  contributory  factors  in  reading 
disabilities. 

The  work  reported  here  was  suppucicd  in'  part  by  VS,  Public  Health  Scr«cc  research 
grant  NB  0545^>  from  the  National  Instiiute  of  Ncurofogical  DiscaMrs  and  Blindness, 
the  657 rst  Aeroniedical  Research  Laboratory,  Holloman  Air  Force  Base,  the  Yerkes 
Regional  Primnte  Research  Center.  Emory  University.  Atlanta.  Georgia,  the  Wisconsin 
Regional  Pnmate  Research  Center.  Madison,  Wisconsin,  the  National  Center  for 
^  Prunate  BioIog>\  Univcrsitj  of  California  at  DaVis,  ihc  Oregon  Regional  Pnmate 
Research  Center,  Beavertoh,  Oregon,  and  the  University  of  Washington  Regional 
Pnmate  Re^*arch  Center ,  Seattle.  Washington. 
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MK  Ai  I  I  K s  Did  you  tirid  a  sex  dilleienu*  m  myopia  m  uhtldrcn  ^ 

UK  ^  MI  NI.  Yes  In  m\  review  of  earK  studies,  I  found  leporis  that  guts  devvlo» 

mvopia earlier  than  hi»\s,  but  gtrls  read  muvh  more  efk\fivcly  than  ho>s  , 
UH  \i  ri  KN  There  is  an  even  more  impie^sivc  sc\  relationship  Some  worketv  in 
Ann  Arbor  have  mcdually  evammed  most  of  the  population  ol  Tcwuinseh.  Mithr 
gan.one  ol  the  things  the>  l.Kikcdal  v^as  retractive  errors cFranuis  and  Ipstcui, 
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in  Intemanonai  Confennct  on  Compmbibn  in  Epukmlahpcal  Studies.  Mil» 
hink  M<mofijI  Fund  Quaricfly  43. No  2,  l%5)  They  Tound  that  the  age  of 
^  on«t  of  ihe  viciease  m  myopia  ii  impretwuvcly  icUted  to  the  onset  of  puberty 
\  ' A*  fat  as  I  know .  no  one  has  looked  at  thn  aspect  of  the  pioblem 
p»  Y ou^sG  We  have  looked  at  it  in  monkeys,  and  there  is  no  reUuonship  between 
ihe  development  of  myopia  and  puberty  in  these  animals  We  do  not  believe 
pubetty  IS  an  essential  aspect.  Although  a  child  itaru  to  lead  m  school  at  6  years 
oC  age,  he  does  noi  really  get  into  substantial  amounts  of  leading  until  the  sixth 
oTsevenlh  grade  Some  intensive  reading  may  occur  before  the  $uth  grade,  but^ 
most  children  are  not  required  to  do  any  substanual  amourUs  of  readmg  untd  ^ 
they  get  t6  juniof  high  school 

K  f  oi.H  It  IS  possible  that  the  ear!>  experiences  of  boys  and  girls  differ  and 
thai  gills  have  been  involved  m  the  kind  of  things  m  school  that  would  mvolvc 
ihem  in  near'Work  from  an  earher  age  than  boys 
iiH  saVHu  I  think  that  this  a  really  one  of  the  rhain  differences  that  gjrls  may 
be  cuUurally  exposed  earlier  to  near  work  situations  and  develop  a  much  belter 
visual  performance*  whereas  boys  tuid  it  more  difficult  to  develop  an  effective 
ncrf I  work  performance  pattern  later  m  life  If  children  are  exposed  to  near  work 
situations  earlier,  they  al*o/un  the  risk  of  becomuig  more  myopic,  inasmuch  as 
the  degree  of  myopia  is  related  to  the  age  of  onset  PeJtKaps  reading  glasses  or 
drugs  cMd  be  u^d  to  reduce  accommodation  4nd  conliol  myopia 
i>k  tuntxM  Wearemvolvedinihesameiypeof  work  as  Dr  Your-  Myopia, as 
w  have  discussed  it  here  as  a  developmental  type  of  myopu  There  another 
r>  pc  ihai » luckil) .  is  not  very  common  There  may  be  2^  of  myopes  boin  with  a , 
%try  high  degree  of  error  .  perhaps  something  like  10  or  20  diopters  of  myopia, 
ami  it  n  very  mtcresimg  m  that  gen«t*Hy  »t  does  not  worsen  They  may  be  bosn 
mih  20  diopter%  of  myopia,  and  they  may  reach  the  age  of  20  with  the  same 
degree  of  myopa.  or  they  may  even  experience  a  decrease,  and  the  myopu  may 
fcduc^  ro  K  diopters  over  the  years  And !  ani  talking  about  good  readers 

The  type  oJ  myope  that  Eh  Young  has  been  diwussing  is  different  Ordmardy, 
the  KhiK)lchiid  has  norm^  vision  until  the  age  of  7-10  years  arid  then  becomes 
prugiesMvtly  myopic  through  the  school  years,  somciunes  leveling  of  f  at  the  end 
of  high  school  and  sqmciimes  continuing  n^t  on  through  college  I'Uvt  patients 
vvho  are  engineers  and  have  iht\  myopic  conditf^n  increasmj^ri^t  up  to  their 
50  s  There  is  still  some  questmr^,  hut  the  relaiiunship  holds  pretty  well,  that 
progressive  myopes  m  |:cneral  are  good  readers  Tliese  wxiul4  be  the  uncompli- 
tared  schoiil  myopes  " 

lltcrc  are  also  people  wliHjtead  early  jnd  do  a  lot  of  readmg,  and  sUU  do  not 
develop  myopia 

You  mention  the  nefractisr  errors  under  the  eltect  of  a  4.ycloplegic,a  drug 
ihar  paralv/es  the  mu^lc  in«de  the  eye  ihat  operate  the  lens  (the  ocujar  atcoirt^ 
'mi>datfveinci.hanismJ  This  suggests  ihc  finding  of  R  E  BannonfApicr  (|Optom. 
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24  5 1  J-S6a^I*M7)  lhal  (hyf  ffect  of  the  drug  on  uOactivc  ciroi  vjiies  TJicic  »5 
no  sysiemJiK  %hiU  m  whail  iSjIJcd  thf  cycloplegic  erroi  from  ilw  mm\(t%\  error/ 
pcopl(nhow  muie  chauigem^ror  in  Ous  shift  Than  oth^ts.  and  the  usual 

*  error  from  this  source  is  not  small  \}irtk     mm  leinember  (hit  iheie  effects 
niry  result  from  the  use  of  cycloplegic^V 

Whaf  mont^eys  do  and  when  they  do  it^oes  not       to  be  completely  fc!c* 
vant  10  hfcmans  Thew  shifts  are  due  to  endogenous  factor  Whlit  solid  evidence 
do  you  have? 

OK  YOU  N G  The  solid  evidence  t$  am  I  can  Jiov^r  the  very  same  effects  in  mon- 
Iceys  Whtp  you  do  notj^pul  them  info  the  experiinental  situation,  they  do  not 
*  show  ^  increase  m  myopia  Jfow  relevant  this  islo  tl|^  jiroblem  m  humans.  I  do 
* . .  not  know  The  basic  refractive  characterutics  of  the  eye  ait  determmed  under  a 
!     condition  of  relaxed ^ic<gininodauon,  because  ih«  is  i  reproducible  cortdiuon  m 
which  the  eye  isndjusied  for  vision  at  a'llistance  of  20  ft  or  greater  T|ie  state  of 
relaxed  accommodation  is  usually  oblairteo  in  one  of  twt>  ways  through  the  use 
ohK^opine  or  some  other  type  of  cycloplegic  drug,  which  acts  to  block  the  nctvc 
impulses  to  the  illiary;  muscle:  or  ihrougl*  tke  use  of  plus  Icnsei  vi^ich  cause  the 
retinal  image  of  a  distant  object.  «o  appear  blurred,  which  m  turn  leads  to  a  icflex 
^  fciaxation  of  accommodation,  Jhe  nieasuiement  of  refractive  error  or  the  optical 
^»haa€icfi|rics  of  the  ey^  under  thc^cycloplcsK  coi^dTtiort, would  deternune  the 
cycloplej^ic  error  .  and%casiurem*nt  under  the  plus  lens,  the  manifest  etroi  If  tht 
drug  a»4  the  plus  lens  are  equally  effectiva,  the  refractive  errors  sliould  be  the 
same  un«kr.b^||u,'dnditsons  except  for  errors  of  pieasurement. 
.    Banncn  founttthat  the  errors  are  not  the  same  under  the  two  condiitims,  and. 

*  ihfiough  the  drug  condiuon  usuilly  sht^w*  more  hyperopia  than  the  plus  lens 
^conditMjp,  by  about  0  S  diopter,  this  is  not  always  the  case,  TJie  present  concept 
of  the  mechanism  of  accommodation  requires  that  accommodation  be  relaxed  if 

^  there  is  no  stimulation  of  tfu*  cdiary  muscle  The  "relaxed*'  state  of=accommod«- 
tiojff  may  not  be  a>  ereat  as  possible  ur<dcr  all  conditions,  ilicre  may  be  variations 
in  the  tdml  sia^  62  the  ciliary  muscle  It  is  generally  thought  that  the  \x%  of 
cydoplcg^c  drugs  over  such  a  period  as. several  days  to  a  week  will  induce  <he 

*  maxif|(al  degree  <>(tteniicularrclaxagon.        ^  ^ 
otours (Amer  J  Optom.,  m  press)  repeated  the  Baniton  *tudy 

*Ul  used  fcskimos'as  MJb^ects,  rather  than  Caucasians  Those ^tutiecl^  with  r^o  re- 
fiacsive  errors  or  with  hyperopic  errors  demonstrated  similfi  effects  m  both 
studies  When  Bannon\      hyperopic  eyes  are  ctinrparcd  with  the  5 1  Ji  sunilar ' 
/?ye<iaour  stydy.  6^'7  of  the  Bannon  eyes  and  78^^  o7  the  eyes  m  our  $iudy  show 
an  average  mjjreasc  m  ^lypci^pia  of  about  0  5  diopter  tfnder  the  cycloplcgic  con-  ' 
dition  Bannon  hadno  c|i3iigc  in  ^27.. and  we  nad  rto  change  in  only  lb^>.  Bannon 
found     and  we  fognd  1 2%  showing  less  Hyperopia  undc  the  cycloplcgic  condp 
lion  These  eyes  miy  represent  insiances'of  unreliability  of  the  measurement  of 
lifraclive  error,  tb*re  is  no  reason  lo  believe  that  (he  lens  condition  would  be 


ERIC  j, 


S9 


iKANCiS  A.  YOUNG  '  , 

i^ftot  to  the  dmg  condittoi^  in  inducing  relaxation  of  accommodtilon. 
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When  persons  with  myopic  tefiactive  errors  are  compared  under  the  two  re- 
laxation conditions,  major  differences  are  found*  The  myopic  sutqects  in  our 
study  sliowrd  the  same  results  as  those  demonstrated  by  the  hyperopc  subjects: 
7S%  had  moii  hyperopia.  1 5%  no  change,  and  10*  Icsff  hyperopia.  In  contrast> 
among  Bannon*s  myopic  eyes,  <mly  3S%  had  more  hyperopia*  3ovf  no  change 
and  26%  ies>  hyperopia  under  the  drug  condition.  The  high  proportion  with  kss 
hyperopia  iinder  the  di^g  condition  is  not  easy  to  explain ,  if  one  uses  the  99fir 
found  with  hyperoptc  cases  as  an^timate  of  the  unreliability  of  metsurementrft^ 
DR  s<;hu  it^^t :  A  weU4(nown  specialist  has  reconunended  'learning  glasses''  that 
wotdd^be  phts  $j>hertcal  tenses  What  do  yvni  think  about  that  in  connection  with;^^ 
whar.you  haw  stated?  (fu  yoo  know  of  any  cases  in  which  that  has  been  done?  V*^ 
t)R.  YOjt«Na  I  would  like  it.  It  would  be  a  logical  condusion^in  terms  of  accommo-'^ 
datjc^  in  thi%  myopia  piobiem.  I  know  of  a  number  of  ca£s  in  which  clinicians, 
have  used  bifocal  tenses,  w^hich  ate  virtually  the  same  thing.  There  is  some  confu- 

-  sioil.t^.^he  literature  as  to  whether  bifocals  have  therapeutic  effect.  I  would  say 

-  xthdf  most  of  the  studies  so  far  liave  not  been  well  controlled.  In  cooperation  with 

•  an  opfi^halmo^ogist,  we  have  been  carrying  on  one  study  w»th  several  hundred  *'  ^ 
^hddie^  for  the  last «  years,  the  results  look  very  suggestive.  If  bifocals  are^prop- 

eriy  nt:ed  and  if  the  plus4em  sepnem  is  fitted  high  enough,  the  tnyopia  will  not 
inciease  at  the  sarhe  rate  4s1frchildren  who,are  not  fitted  with  bifocab.         .  ^ 
DR  RO Y  N TON ,  You  mentioned  that  the  accommodative  act  causes  tlie  retina  to 
vpove  forward.  Tl.^s  seems  inconsistent  with  the  fact  t^at  the  axial  length  of  the 
]     cyt.  accordir^g  to  yq43rti;|tK^s,  becomes  loiigci  as  a  result  of  acconunodalicm.  r 
tyt  Y  ou  N  ti  Your  question  is  how  the  elongation  process  can  pccur,  if.  in  accom* 
.  modation.  the  back  part  of  the  eye  is  tightened  and  moved  forward  around  the  • 
^     vitreoas  body  Our  studies,  ipdicatc  that,  if  the  subject  (monkey  or  human)  de- 
velops ^^^mtinuous  level  of  accommodation  or  spasm,  the  increase  in  axial  length  . 

*  tends  to  fdWow  v«thm  a  vaiii^e  period,  being  shorter  for  more  adult  animals 
and  longer  fot  ypung  anin«>h"j^  is  our  belief  that  this  continuously  exerted  tenj 
sion  inti  rfcrcs  ^l^i  the  nutrition  and  metabolism  of  the  retina,  choroid,  and 
sclera  and  rcsuFti  m  the  wericemng  of  these  ^Jiwcturcs,  so  that  they  begin  to 
Mtetch  As  they^  strclch,  the  space  is  filled  with  aqueous  fluid,  so  that  lh5  proctss 
1^  more  or  less  contmuoLS  as  long  as  the  spasmxif  accommodation  coqtinues. 

ir  jLii^  newly  developed  myope  were  not  fitted  with  glasses  for. distance,  this 

-^xKik^  should  thc«rclically  reach  a  stabilwatioo  point  that  would  leave  him 

^  Uirly'^tvcll  adjusted  for  his  most  common  nearpoint  distance.  However,  if  he  is  • 

>U{e<l^ ji^ith  a  distance xoheclion,  the  process  would  be  restarted,  because  he 

wciq^  ^gain  he  trymf  H^^^vercon^e  the  effect  of  the  distance  correction  while 

cfic^hvlly  spending  rtw^ <?lSfcis  time  at  a  nearpoint  distance.  ^ 

.  We  have  no  reasonable  idea  as  to  the  bas|c  mechanism  that  results  In  the  I 

5:45-54,^^ 
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weakening  and  strcichmg  bf  the  tunics  of  the  eye.  Bill  {Exp.  Eye  Res. 


Development  of  Optical  CImracteristics  for  Seitng 

'    55«57. 196(0  has  shown  that,  during  the  period  of  ciliary  miKcIe  contraction,     ' . 
^hc  movement  of  the  aqueous  from  the  anterior  chamber  back  through  the  . 
posterior  parts  of  the  eye  just  beneath  the  sclera  is  blocke'd.  This  path  represents 
one  of  (he  important  avenues  for  (he  drainage  of  aqueous  humor  but  nuy  also 
serve  some  type  of  a  nutritive  function  m  this  part  of  the  eye.  If  that  is  the  case,  ^ 
t        then  perhaps  the  blocking  of  the  aqueous  plays  some  role  in  this  process,  which 
^        results  iri  tlje  weakening  and  stretching  of  the  retina.  cho;oid,  and  sclera. 


DELWYN  G.  SCHVBERT 


Induced  Refractive  Errors 
in  Human  Subjects 


This  presentation  is  based  on  two  published  studies  that  Walton  and  I 
conducted  at  the  Los  Angeles  College  of  Optometry -one  on  induced 
myopia*^  and  the  other  on  induced  astigmatism.*^  A  third  study,  to 
measure  the  efTect  of  induced  hyperopia,  is  being  planned. 


INDUCED  MYOPIA  AND  FAR  POItfT  PEftCEPTION 

l^y  teachers  and  reading  specialists  use  tachistoscopes,  controlled 
readers,  fdms,*and  film  strips  as  parts  of  reading  improvement  programs. 
Most  teachers  on  occasion  use  chalkboards,  flannelboards,  and  flash 
qards  for  instructional  purposes.  Teachers  expect  children  to  respond 
quickly  to  materials  presented  by" these  methods.  Rarely^  however,  do 
teachers  give  attention  to  the  sensory  or  motor  skills  required  for  effec- 
tive lar-point  achievement. 

Indinical  refraction,^  visual  acuity  is  determined  by  having  the  sub- 
ject identify  letters  of  various  sizes  at  optical  infinity  (20  ft).  No  precise 
time  limii  is  applied;  thu5,  the  subject  has  an  opportunity  to  study  each 
letter.  Under  these  conditions,  Hirsch*  has  dctenmined  the  approximate 
visual  acuities  for  various  degrees  of  myopia.  Weymouth*^  an<t Weston*^ 
emphasized  the  importance  of  considering  the  time  factor  in  testing 
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icuity.  Bartlcy^  systcmaticaUy  explored  the  relationship  of  time  and  * 
distance  to  visual  acuity  by  showing  a  single  fine  line  randomly  in  eight 
different  positions.  As  the  distance  was  increased,  the  probability  of 
correct  response  decreased,  and  as  the  expotore  time  was  reduced,  the 
probability  of  correct  response  decreased. 

The  purpose  of  our  studies  was  to  determine  the  effects  of  artificially 
induced  nearsightedness  oh  far-point  tachistoscopic  peiteptidn. 

Twenty-four  college  seniot%  were  subgects  in  our  study*  They  were 
trained  pbscryers  with  corrected  or  uncorrected  20/20  vision  in  each  eye 
and  were  asked  to  report  on  words  flashed  foi  )/25  sec  from  a  tachisto- 
scope  under  constant  light  intensity^t  variable  exposure  distances: 

tetter  size  expressed  as  Snellen  fraction 
.8.7  mm  20/20 
•10.9  mm  20/25 
17.4  mm         y  20/40 
34.8  mm  (approxi|mately  the  size  of  20/80 
chilkboard  handwriting) 

Artificial  mydpia  was  induced  by  conVex  spherical  lenses  in  increments  > 
of  0.25  diopter  untU  the  subjects  began  to  suffer  stress  from  the  refrac- 
tive error. 

The  results  are  shown  in  Tables  1-3.  It  is  interesting  to  note  that,  al- 
though all  subjects  had  20/20  visual  acuity,  approximately  half  the 
20/20-size  words  were  missed  and  three  fourths  of  the  responses  fell 
below  the  80%  level  of  accuracy.  Because  a  short  exposure  reduces  con- 
trast, we  were  actually  measuring  the  subjects'  contrast  sensitivity.  As 
shown  in  Tables^  1  and  2,  this  factor  influences  the  achievement  for,  20/25 
and  20/40  words,  but  to  a  lesser  extent  than  for  tfie  20/20  words,  be- 
cause the  larger  words  subtend.a  greater  angfd  at  the  nodal  point  of  the 
eye  and  thus  are  more  easily  r^^sblved.  '  */ 

It  is  significant  that  even  ^0.50  diopter  of  induced  niy.ojpU  nwujts  in  a 
decrement  of  performance  with  every  letter  size.  Tatie  3  shows  an  even 
greater  percentage  loss  when  myopia  is  induced  by  0.75  diopter.  These 
findings  indicate  the  need  for  optimal  visual  acuity  in  far-point  tachisto- 
scopic training.  It  is  also  evident  that  studfents  with  rhaximal  visual jcuity 
have  an  advantage  in  classroom  situations  demanding  rapid  and  accurate  * 
infirpfetation  of  material  at  a  distance.  This  advantage  is  also  applicable 
t(^  distance  seeing  outside  the  classroom. 
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TABLE  I  Correct  Responses  for  10  Exposures  (expressed  in  averages)  * 


WtjdSize                   Diopters  of  Induced  Myopia 

<ai  Snellen  Eraction)        PUno  +0.25 

♦0.50 

+0.75 

+1.00 

+1.25 

+i.5d 

20/20                  ,  5.W 
20/25                          7.58  5.42 
20/40      ^                   9.62  9.25 
20/80                        10.00  9.75 

4,92 
8.33 
9.46 

3.17 
6.00 
8.96 

4.46 
8.54 

7.17 

5.50i 

TABLE  2  Percentage  of  Responses  Falling  below  80  Percent  Accuracy  Level 

Word  Size                   Diopters  of  Induced  Myopia 

(as  Snellen  fraction)        Piano  'HX25 

+0.50 

+0.75 

+1.00 

+1.25 

+1.50 

20/20,  72.7 
20/25                         50  70.5 
20/40                          4.2  a.3 
20/80                         0  0 

75 
20.8 
4.2 

95.8 

50 

12.5 

62.5 
12.5 

:/ 

41.6 

62.5 

TABLE  3  Percentage  Loss  with  +0.75  Diopter  of  Induced  Myopia 

Word  Size                          induced  Myopia 
(as^Snilfiilen  fraction)                Piano  -K).75 

• 

Difference 

20/25  7.58 
20/40  9.62 
20/80  10 

3.17 
6 

8.96 

^.41 
-3.62 
-1.04 

58. 
37.6 
10,4 

^  U  is  apparent  that  larger  letters  permit  greater  accuracy  in  tachisto* 
scopic  training.  The  smallest  letter  for  far-point  training  should  be 34.8^ 
mm  (20/80);  smaller  letters  result  in  a  decrement  of  performance,  even 
if  the  sulgect  has  20/20  vision. 


SUBJECTIVE  EFFECTS  OF  tNDUCED  ASTIGMATISM 

Is  astigmatism  detrimental  to  reading  efficiency?  Doel  it  prowe  symp- 
toms? If  so,  what  are  they? 
Betts^  found  astigmatism  associated  with  many  of  his  cases  of  severe 
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reading  disability  and  felt  that  it  was  one  of  the  causes  of  the  disabilityr 
.  Eames  *  however,  found  a  greater  incidence  of  astigmatism  among  good 
readers  than  among  unselected  ones.  Many  researctters'  "  "  report  an 
inabUity  to  differentiate  groups  of  good  and  poor  readers  on  the  basis  of 
astigmatism.  Several  specialists  have  voiced  the  opinion  that  severe  astig- 
matism might  prove  detrimental  to  efficient  reading  in  individual  cases. 
Romine'  thought  that  "it  would  sieem  most  important  to  correct  any 
marked  degree  of  astigmatism,"  and  Cleland,*  sharing  that  view,  stated 
that  "in  severe  cases  of  astigmatism  it  was  found  to  be  closely  allied  with 
reading  failure."  *• 

Several  of  the  foregoing  studies  involved  a  comparison  of  the  visual, 
characteristics  of  students  who  were  successful  and  unsuccessful  in  read- 
ing, and  the  investigators  did  not  state  whether  the  refractive  errors  were 
corrected  or  uncorrected  at  the  time  of  testing.  If  the  subjects  were  fully 
corrected,  they  would  be  emmetropic,  and  comparisons  would  therefore 
have  involved  reading  ability  with  normal  vision.  This  idiosyncrasy, . 
along  with  tfie  conflicting  opinions  of  fhe  investigators,  piqued  our  curi-  / 
osity.  If  a  group  of  reisers  were  subjected  to  induced  astigmatism, " 
wpuld  th^y  experiejice  adverse  visual  and  psychophysiologic  effects?  / 

Astigmatism  is  a  refractive  condition  in  which  a  variation  of  refractive 
power  exists  in  the  different  meridians  of  the  ^ye.  Generally,  one  itieri- 
dian  exhibits  the  greatest  power  and  one  the  least,  and  these  are  known 
■  as  the  principal  meridians.  The  cause  is  almost  always  a  difference  in 
curvature  of  the  refracti5{p  surfaces  of  the  ocular  media.  Most  astigmatism 
js  believed  to  result  from  unequal  curvature  of  the  cornea.* 

Astigmatism  is  thelhost  prevalent  refractive  anomaly.  It  is  classified 
into  the  following  corneal  types:- 

With  the  rule  (direct)- the  curvature  of  the  greatest  power  lies  verti- 
cally 

Against  the  rule  (invejise  6r  perverse)-the  meridian  of  greatest  curva- 
ture lies  horizontally  ' 

^<>blique-the  meridian  of  gr^^tf^curvature  lies  between  the  vertical 
^wdhorizonett      ' ''^   \:  v  ^^'6. •  v  > 

i^.  ■         ',  - '''  ''' 

f.^^f^*"^^^  W4lSli,!dfl  a  study  of  2,000^^nts  with  refractive  prob- 

.<toiM,  foMrf(f  that  five  sixths  of  them  had  astfgmaticenrars  of  refraction ; 
'Kfif  the  five  sixths,  about  40%  had  astigmatism  mih  the  rule;  about  25% 

against  the  rule,  and  about  35%  oblique,.  - .     .  v 
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Cavari,  quoted  by  Boriah,^  calculated  the  distribution  of  different 
degrees  of  astigmatism  (Table  4).  It  is  apparent  t)iat  the  greatest  inci- 
dence of  astigmatism  is  between  O.SO  and  1.00  diopter,  and  it  is  most 
frequently  with  the  rule.  Therefore,  for  our  study,  we  induced  1.00 
diopter  of  astigmatism  with  Ute  rule  while  our  subjects,  35  seniors  from 
the  Los  Angeles  College  of  Optometry ,  from  22  to  47  years  old,  per^ 
formed  an  intelligence  test.  At  the  conclusion  of  the  test,  each  student 
recorded  his  own  subjective  reactions  to  the  induced  astigmatism. 

As  shown  in  '^^ble  S,jwell  over  half* the  students  (63%)  experienced 

TAbLe  4  J^tribution-of  Degrees  of  Astigmatism* 

\  Amount  of  Astigmitism,  Diopters  "  Distribution*  % 

Vo.50   '  ^                                *  ^.94 

*    0.50-1.00  42.44 

1.00-l.SO  16.18 

1.50-2.00  '                          *  9.21 

2.00-1.00  6.39 

•3.00^  2.84 

«  ''j:^  i  • 

^DeHved  from  Boriiti:^  f^M^iber  of  subjects    5 ,24 1 .  \ 


TABLE  S  Subjective  Effects  of  Induced  1 -Diopter  With-the-Rule  Astigmatism  in 
35  Subjects 


Reported  Not  Reported  No.  Reporting 

Effect  No.        %             No.        %  *     Specific  Effects 

 ■  '     ;  '-^ — ^  ^  ' — - 

VIsuil  22         65             13  37 

Blur  •  19 

Diplopia  »  0 

Distortion  9 

Psychologic  24         69            H  31 

Weariness  13 

Exhaustion  10 

Retreat  '16 

Headaches  24         69      ^      11         31  ' 

Generalized  *  ^  .6 

Intraocular  '  ♦  ' 

Frontal  14  ' 

.    Temporal  i  , 

.  '                Unilateral  %        .  0  " 

*;^>                Occipital  2 
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visual  difficulties-blur  and  distortion^  but  no  diplopiif.  Of  the  35  sub- . 
jects,  69%  reported  adverse  psychologic  effects  {rota  the  inifuced  astig- 
matinn.  The  desire  to  retreat  from  the  test  situation  a(>peared  with 
greatest  frequency;  weariness  and  exhaustion  y/ere  also  experienced. 
Headaches  were  reported  by  69%  of  the  students.  Fron tat  headaches- 
were  reported  most  frequently,  but  there  were  also  reports  of  intraocu* 
lar,  generalized,  tempoial,  and  occipital  headaches.  No  one  reported 
unilateral  head  pains.  Astigmatism  is  generally  believed  to  be  one  of  the 
mayor  causes  of  ocular  asthenopia,  and  that  belief  was  supported  in  this 
study. 

The /act  that  childrenjnd  adults  with  uncorrected  astigmatism  fre- 
quently confuse  similar  letters  (m  and  n,  o  and  c)  and  similar  words 
(flip,  flap,  flop)  can  be  explained  on  the  basis  of  the  visual  blur  and  dis- 
tortion encountered.  It  has  been  found  tbat  the  symptoms  of  blur,  dis- 
tortion, and  headache  become  limiting  factors  in  reading  efficiency.  A 
person  plagued  with  these  symptoms  is  markedly  handicapped 'as  a  stu- 
dent because  he  cannot  sustain  concentrated  reading  for  long  periods. 
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DISCUSSION 


DK,  YOUNG  Dr.  Schubert,  did  you  have  a  conftol  group  who  went  through  this 
with  blank  lenses?  *    •    ;  — 

DR.  SCHUBERT:  No.  we  did  not  have  acontrql'group.  ' 

DR.  siLVKR.  How  many  hours  did  you  allow  thesjubjects  taking  the  test?  How 
much  time  was  allowed  for  accommodation? 

DR.  SCHUBERT.  That  was  a  weakness  inlthe  experiment.  The  subjects  did  not 
have  time  to  adjust  to  induced  asti'gniatism. 

DR.  nOTY .  I  think  one  of  the  weaknesses  was  that  they  knew  precisely  what  they 
were  going  to  te  subjected  to.  •  _  _ 

DR.  SCHUBERT.  They  were  aware  of  the  facts. yes.  but  they  did  not  know  whether 
their  responses  were  correct  or  incorrect.  They  tried  their  best,  and  we  found  out, 
as  mentioned  in  the  results  for  myopia,  that  their  accuracy  level  did  drop. 

DR. INGRAM;  If  y  ou  tell  a  group  of  patients  or  subjects  that  they  have  a  tempera-  ^ 
ture  of  99F,  you  will  find  that  they  have  symptoms.  If  youjteU  a  similar  groupj)f 
patients  who  have  temperatures  of  99F  tlht  they  hav^^  nprmal  temperatures,  they 
will  have  fev^er  symptoms  I  think  you  must  haWa  control  set  of  blank  lenses  to 
^use  in  the  same  situation.  And  I  think  you  might  well  have  had  someone  who  took 
the  same  tes't  saying  that  he  could  not  go  on  because  he  had  a  headache-while  he 
was  wearing  blank  l(rijses.  ^  '    -  ,  , 

DR.  SCHUBERT:  Woufd  the  Subjects  not  perceive  almost  immediately  that  they 
Were  wearing  blank  lenses? 

DR.  INGRAM.  I  think  it  is  very  e^sy4e-deceivc  them  this  way.  If  they  are  myopic, 
they  are  going  to  have  symptoips.  and  even  if  they  are  not  myopic,  all  you  need 
to  do  is  tell  them  what  symptoms  to  expect,  for  instance,  that  eyes'train  is  asso- 
ciated with  headaches. 
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DR.  ROBINSON.  1  havc  a  number  of  patients  on  whom  we  put  blank  lenses.  These 
were  children  who  complained  of  vision  problems,  even  though  no  refractive 
errors  were  found  by  cooperating  specialists*  who  said  that  the  lenses  would  help. 
Psychologically ,  tl\e  results  were  apparently  very  gool,  in  the  sense  that  the 
headaches  disappeared  and  the  reading  improved. 

The  second  point  I  would  like  to  make  was  already  raised,  but  let  us  reiterate 
<  Your  subjects  were  adults  who  had  not  become  accustomed  to  this  kind  of 
correction » whereas  children  who  have  never  seen  any  other  way  may  not  be 
aware  of  the  correction.  1  am  wondering,  therefore,  whether  the  results  can  be 
carried  over  from  adults  (o  children. 

DR.  SCHUBERT.  Probably  not,  although  i  thiiik  it  give>«ussome  insigiU,  for  ex* 
ample,  into  astigmatisiu.  It  appears  that  person^  wHo  see  printing  in  a  blurred 
fashion  might  devetof)  a  headache,  i  am  sure  there  are  headachesihat  develop 
under  these  circumstances.  We  are  aware  of  the  need  to  improve  these  stu4ies 
and  can  try  to  improve  them  in  the  future.  We  plan  to  introduce  another  group 
to  minus  lenses  in  an  attempt^  induce  hyperopia.  At  that  time,  we  can  use  a 
control  group  that  would  be  P'^'"  lenses  and  plus  len&es.  . 

DR.  YOUNG,  i  would  suggest  using, as  welUa'crossover  group,  a  bhnd  study. 

DR.  LUDLAM.  Ycs,  a  blind  Study  using  plus  errors.  And  the  experimenters  doing 
the  test  should  not  know  who  has  the  lenses  and  what  they  are,  and  the  subjects 
should  not  know  anything  about  the  lenses.  Then  correlate  your  results,  and  I 
believe  these  observations  will  be  accurate.  Perhaps  these  students  from  the  Col- 
Jegc  of  Optometry ,  who  are  trained  observers,  are  not  the  best  subjects. 

DR«  M  ASLAND.  I  suggest  that  you  take  a  group  of  subjects  who  have  a  refractive 
error  and  test  them  immediately  aCtcr  correcting  that  error,  without  letting  them 
know.  Give  them  a  set  of  lenses  that  exactly  correct  their  error.  You  might  take  " 
a  group  of  these  subjects  and  give  them  intelligence  tests  on  the  very  day  that 
you  fit  Ihem  with  bifocals. 

DR.  ULLM  ANN.  I  would  like  to  suggest  one  more  variation,  to  determine  whether 
^^onfien  arc  more  responsive  than  men  to  the  experience  of  stress  that  you  have 
"  introduced  by  tlic  test  procedure,  the  commandant  at  West  Point  once  became  ^ 
very  much  concerned  by  the  number  of  cadets  (it  seemed  to  W  exceptionally 

.  larj^e)  who  wore  glasses  at  a  football  game.  Me  was  concerned  whether  the  re* 
quirenients  for  admission  to  West  Point  should  be  changed.  This  raises  the  ques- 
ticfn  of  how  much  variation ^s  permissible  under  stress-  how  mudi  stress  is  toler* 
able.  It  is  possible  to  straighten  o.  t  this  point  with  two  different  subject  groups 
to  see  whether  they  accept  stress  in  two  different  ways  or  react  similarly* 

DR.  sitVKR.^The  discussion  has  been  in  terms  of  similar  errors  in  both  eyes.  What 
about  children  who  have  a  large  error  in  one  eye  and  normal  vision  in  the  other 
eye?  Wliat  relationship  would  this  have  to  reading?  ^ 

DR.  SCHUBKR I ;  I  do  uot  know  the  answer  to  that,  but  there  are  vision  specialists 
here  who  probably  carftespond  to  your  question.  ^  ' 
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Normal  and  Abnormal 
Ocular  Movements 


Ocular  movements  are  customarily  divided,  accoiding  to  the  psychosen- 
sory stimulus  that  evokes  them«  into  vestibular,  regard,  pursuit,  and 
command  categories.  Their  nature  and  development  may  be  analyze^  by 
objective  observation  of  the  normal  infant  and  by  study  of  congenital 
abnormalities.  In  this  presentation,  we  will  be  concerned  first  with  the 
defmitions  and  neurologic  bases  of  normal  ocular  movements  and  then 
with  some  of  the  abnormal  conditions  of  developmental  origin. 


NORMAL  OCULAR  MOVEMENTS 

Although  1he  subject  of  ocular  nrjovements  divides  itself  into  categoric 
functions,  as  though  each  were  a  separate  anatomic  entity,  all  portions 
of  the  brain  potentially  participate  in  all  movements.  But  the  evidence  , 
indicates  that  discrete  areas  of  the  brain  have  a  degree  of  autonQmy  in 
effecting  movements  in  response  to  particular  stimuli,  lind  it  is  conve- 
nient front  a  pedagogic  point  of  view  to  emphasize  this  separateness. 

Vestibular  Movements  ..  ' 

Each  labyrinth  exerts  a  net  tonic  innervation  tending  to  turn  and  rdtate 
the  eyes  conjugateiy  to  the  opposite  side.  The  otolith  organs  are  respon- 

■  so  . 
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siblf  for  the  static  tonus,  and  the  semicircular  canals  respond  to  accelera- 
tion and  deceleration  in  such  a  way  as  to  maintain  the  inertia  ol  the  ey  e 
position.  Thus,  acceleration  tends  to  turn  the  eyes  lo  the  side  opposite 
the  dincciion  of  gross  movement  of  the  head,  and  deceleration  tends  to 
turn  the^ycs  toward  the  same  side  as  the  direction  of  movement  of  the 
head.  This  vestibulogenic  movement  is  nonnaiiy  present  at  birth,  even  in 
the  pn?.mature  infant,  and  may  be  elicited  simply  by  rotating  the  infant 
in  one's  arms. 

The  otolithic  inHuence  on  the  horizontal  and  vertical  displacement  of 
the  eyes  is  normally  masked  by  the  voluntaiy  and  optic  sources  of  ocu- 
lar movement,  and  its  influence  on  rotaiy  displacement,  an  almost  ex- 
clusively vestibuldgenic  function,  is  difficult  to  delect  grossly.  The  in- 
fluence of  the  semicircular  canals  is.  however,  easily  seen  in  the  contra- 
versive  displacement  ot  the  eyes  in  response  to  rotation  of  the  head  or 
irrigation  of  the  cars  with  warm  water  (conversely ,  cold  water  causes  a 
deviation  of  the  eyes  to  the  side  that  if  is  applied  ibl 

Normally,  the  vestibulogenic  movement  resulting  from  displacement 
of  the  endolymph  in  the  semicircular  canals  is  relatively  slow  and  con- 

ttinually  correctedT>y  quick  movements  bringing  the  eyes  back  toward 
the  primary  posilion.^The  cycles  of  slow  vestibulogenic  phase  and  fast 
corrective  phase  constitute  a  form  of  jerk  nystagmus  that  can  usually  be 
elicited  in. the  full-term  neonate.  In  premature  infants,  however,  the  slow 

^  phase  alone  may^be  present  for  days  or  weeks,  so  that  on  rotation  of  the 
head  the  eyes  maintain  a  conjugate  deviafion  to  one  side*  instead  of  de- 
veloping a  nystagmus.  Tliis  is  called  a  **doHVhead/'  or  '*doU\-eye/' 
movement.  The  fast  or  corrective  phase  in  man  is  mediated  through  Ihv 
cerebrum  and  docs  not  depend  on  the  labyri'nth.  It  is  served  Ijy  pathways 
that  are  identical  with,  or  closely  allied  with,  the  volitional  movements, 
Thu^».  persistent  dollVhead  deviations  arc  characteristic  of  some  supra 
nuclear  lesions.  '  1 

Retard  Movemenh 

"The  movements  of  regard  are  those  elicited  by  objects  attracting  one's 
attention  to  an  eccentric  portion  of  the  field  They  are  movements  ot 
attention  and.  although  they  are  ordinarily  evoked  by  visual  stimuli; 
similar  movements  may  result  from  auditory  stimuli. 

The  ocuiar  movements  to  fixate  an  object  of  attention  ar.e  quick  aniK 

.  .simulate  command  movements  with  which  they  may.  in  fact,  be  iden- 


tical  Little  IS  knov^n  ot  the  cffcwiit  pathways  (or  movements  uJ  a*gard« 
but  ^ey  are  deficient  in  animals  with  bifrbntal  lesion$^  and  in  human 
beifig!^  with  Parkin;»on't^iMfa$e 

The  infant  ihowb  tew  movements  ol  regard  during  the  Orst  few  weeks 
of  hfe  Objects  that  alert  his  attention*  a>  evidenced  by  a  startle  reaction 
^or  retraction  of  the  lids,  arc  met  with  a  straigihtforward  stare  Oculomotor 
apra\ia  is  one  condition  in  which  regard  movements  (and  pursuit  and 
command  movements)  are  never -fully  developed/ 

Ptmm!  Moivmvnh  .  '  # 

Ocular  movements  in  following  a  moving  object  are  called  pursuit  or 
■  optokinetic  movements  Unhke  i|iovemcnts  of  a^gard  tor  command), 
they  may  be  slow  and  llfey  are  onl>.jjartially  und«r  voluntary  control 
ThLis>  if  the  entire  environment  moves  relative  to  the  observer,  as  irt 
looking  out  of  a  train  window  gr  m  an  ideal  optokinetic  test,  the  eyes* 
are  compelled  to  follow  thu  moving  object  When  the  eyes  have  reached 
a  comfortable  limit  of  excursion  tfSiey  are  brought  back  toward  the  pri- 
mary position  by  a  quick  moveuent>  and  again  follow  the  moving  objects. 
The  repetitive  cycles . c am tUute  optokinetic  nvstagmus,  and  ore  a  con- 
venient test  for  the  integrity  of  the  pursuit  movement 
.  Tile  standard  optokinetic  driim  has  black  and  white  stnpes  that  are 
rotated  at  a  suitably  speed  m  front  ol  the  subjects  eyes.  The  afferent 
arc  ol  th'*  optokinetic  response  consists  of  the  v:sual  pathways/ although 
those  m  only  one  hemisphere  arc  sufficient  to  produce  a  response, 
whereas  the  efferent  arc  as  mediated  througli  the  parietal  lobes  of  the 
.cortev  Further  details  of  the  pathways  are  somewhat  obscure » but  m- 
tegnt>  of  I  nihil  tlie  frontal  nor  the  occipital  lobes  is  iiecessar>  for  tlie 
optokmeti  response  ' 

In  the  infant,  an  optokinetic  rvsponse  ina>  be  evoked  almost^mmc* 
diatety  after  birth,  provided  the  drum%  stnpes  are  large  eoough  to  be  » 
within  the  discriminatm'  awua>  o!  the  neonate  and  that  llie  moving  ob- 
jects subtend  practiwally  tht^cr.tire  visual  licid     Previous  reports  that 
the  optukinettt  response  did  not  develop  until   ,.<onth  or  more  aTtcf 
birm  wetv  based  on  ^tUUa.t^  testing 
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Command  movcnii;ntyarc  tliosc  clkilird  on  c6mmand.  They  are  uflcn 

'  equated  witix  volitional  muvementi^,  Comajand  moVemcniN  are  probably 
iticdiated  through  the  frontal  lobe.  Tliat  i>\where  one  would.expect  ilk 
olitionul  eenim  to  be  repa'senled,  and  experimental  stm.ulation  of  a 
discrete  area  in  the  poslenor  portion  of  the  secij^id  frontal  convolution 

"  cauMTs  conjugate^ turning  M  the  eyes.  LcMOfts  m  this  area,  however,  cause 
>urpnsingj^  hllle  ilisturbmu*^^  of  volitioual  Control,  unWsj^  they, involve  ' 
both  fronta'  centers.  The  inference  is  that  tli^  volitional  control  of  olular 
I  iiovcmt*nis  has  a  large  hieanure  t>f  bilateral  repa-senlati  jn. 
The  infant  appears  to  have  pcH)r  volitional  control  of  his  eye  move- 

'  inenis  at  birth  and  to  be  unable  to  turn  h?^»«v;csjt  will  or  m  responsc'to^ 
an  object  ol  regard  for  tht^  first  few  wfeksof  life.  Wuh  congenital  ocu- 
lomotor apraxia.  there  is  a  permanent  defe,i  in  volitional  control  oi 

'  hon/ontd  movements  ^  / 


TItc  most  common  examples  of  abnormal  oculomotor  uevelopment  are 
%  congenital  nyslagmuv  strabismus,  palsies  ofconjugate  4ga/A\  and  oculo- 
V  motor  apraxia  Becutse  these  do  not  necessanly  have  any  relitionshir 
with  one  another,  they  will  be  described  si'pararely. 

Nystagmus  eonsrsls  of  fliy  thmic  oscillations  ol  the  eyes  The  congeiKlal 
#or  divvfoprnviUal  variet>  is  almost  always  hori/ontal  a^^d  conjugate  (that 
isk.  manifest  eiiually  in  the  two  eyes)  but  varies  for  different  dftections 
of  ga/t'  ThvTc  are  ihree  major  ty pes tof  congenital  nystagmus,  they  will 
'  bt^  described  here  pnly  cursorily.  beciUNC  they  have  been  tre4ted*in  de- 
tail ^M^ewhere  ^  .  . 

C  ongenital  m  rjyslagmus  c^^nsisK  of  predominantly  pendular  " 
o*A.  illations  and  is  secondary  to  poor  viiion  that  dates  from  early  lifi  If 
vision  IS  lost  al  ter  ^--ei  >  cars  of  tige,  nystagmus  e'jther  does  not  develop . 
or  isaborlve#  The  reason  for  this  critical  period  is^unknown.  but  it  has , 
a  counterpart  in  other  Ik  ^Is  of  rjeurology,  such  ^is  speecJhdevelopmt*nt 
iiul  stmiesthetic  dejffiVation,  Sortie  authors  have  assumed  that  the  ocu- 
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lar  oscillttfonscerve  a  useful  function  by  prpviilikig  a  scin^lhileiurtiaUy 
compcnsiltWibr  the  lack  of  central  mion;  ijut  that  assumpttbn  is  conr' 
tradicted  6y  eridrnce  tha^  arresting  the  ey e$  iinprovep  vii^.  The  most 
itasonabie  explanation  fbr  tHb  type  of  nystiigmus  is  to  jregard  it  as  a.i 
^  ataxia  o(  ejre  movements.  Macular  vision  serves  the  eye  muscles  as  the 
posi;  n^^nse  that  othefiicetetal  muscles  ik^ve  from  p  ' 
end*organs.  If  macular  Vision  fails  to  develop^  the  eyes  cannot  Wd  fijcar 
tion  Mid  thus  devdop  an  ataxic  nystagmuau  We  have  called  this  a  sensory i 
fype  of  nystagmv^  because,  in  contnuit  to  other  types,  fte  primary  defect 
is  perceptive*  llie  magnitdde  or  coarseness  of  the  nystagmus  will  vary 
not  only  with  the  age  at  which  vision  is  lo^,  but  with  the  amount  of 
visual  loss.  When  the  visual  defect  is  not  severe  (e.g.,  Snellen  acuity  of 
20/50  in  the  better  eye),  the  nystagmus  will  consist  of  fine  horizontal 
oscillations;  with  visual  loss  to  20/200  or  grelter,  the  nystagmic  excu^ 
sions  will  be  progressively  grosser  The  so-called  ""searching  movements 
of  the  blind"  are  an  extreme  of  this  sensory  type  of  nystagmus. 
Congenital  motor  nyst^imus  consists  of  a  jerking^  nystagmus  with  a 
.  fast  component  to  the  right  on  gaze  to  the  right^d.fast  component  to 
the  3eft  on  gaze  to  the  left.  The  neutral  point  Is  the  intermediate  posi- 
tion at  which  the  eyes  are  approximatcly^stationary  and  the  vision  is 
approximately  normal.  When,  as  is  often  the  case,  the  neutral  point  is 
eccentric,  the  patient  stabilizes  hisj^ye^by  turning  his  head.  Habitual 
head*tum  is  thus  a  common  presenting  sign  of  this  type  of  nystagmus. 
The  niotor  type  of  congenital  nystagmus  is  of  genetic  origin  and  is  espe- 
cially common  in  males.  It  simulates  a  mild  paresis  of  gaze  wherein  the 
patient  is  unable  to  maintain  fixation  to  cither  side.  Because  the  horizon- 
tal optokinetic  response  is  also  characteristically  abnormal  in  these  pa- 
^ ,     tients,  one  may  postulate  a  defect,  {Wibly  a  failure  cf  myelination,  in 
the  pathways  from  tKv  parietal  lobe^s  that  mediate  the  optokinetic  rt(\t%. 
Despite  this  presumed  organic  basis,  the  mo^r  type  of  nystagmus  is  not 
characteristically  associated  with  other  neurologic  abnormalities. 

lare^/  congenital  nystagmus  is  so  called  because  it  is  elicited  by  cove^ 
ing  one  eye.  Customarily,  the  eyes  are  stationaiV*  but  covering  either 
eye  evokes  a  cot^Ugate  jeric  nystagmus  with  a  fast  component  toward 
the  side  of  the  covered^ eye.  The  etiology  of^ts  type  of  nystagmus  is  ^ 
obscure.  It  may  be  related  to  congenital  motor  nystagmus,  inasmu^rh  as  , 
it  occurs  stgniftcaifljy  ofte^n  with  this  type.  It  is  not  related  to  the  func- 
tion oT  simultaneous  binocular  vision;  it  occurs  commonly  in  patients  ^ 
with  strabismus,1and  simple  disruptibn  of  binocular  vision  c^^^es  not  bring 
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;it  oat  t'^^may  bt  related  to  a  phototonic  balance  between  the  two  eyes, 

thjat  progressive  darkening  of  one  eye  will  cause  a  proportionately 
^^ejarsc  nystagmus.  7 

Strabismus       •         '      .  '  ^ 

-  The  complex  subject  of  strabismus  m^y  be  simplified  by  considering 
^  firsti^the*  t^o  dbmmon  forms  of  functional  (noni^araly  tic)  strabismus. 
X^ese.are  eddied  "ahemUting  strabismus"  when  the  patient/uses  either 
fyc  for  faatk)n-and  '*monocular  strabismus^'ur^Wncomitant  strabis- 
mus" when  one  eye  is  used  for  fixation  and  the  other  eye  habitually  " 

"deviates^.-'nie  basis  for  alternating  strabismus  is  unknown,  i>ut  it  is  as 
though  the  patiei\t. lacked  efficient  stimulus  for  binocular  vision.  The 

:\  ^.vision  is  usually  ^normal  and  equal  in  the  two  eyes.  Monocular  strabismus, 
howeyer,  1$  oft^A  lisi6^|ated  with  hyperopia  and  requires  an  excessive 
aa^ommodatioA  for  cl6ar  distance  vision.'This  in  turn  produces  an  ex- 
cessive stimulatioif  of  the  correlated  convergence  mechanism,  with  con- 
«squent  tuming-in  t>f  one  eye.  ^e  eye  with  the  greater  refractive  error 
almost  invariably  th^'^ne  that  turns.  If,  during  the  early  years  of  life, 

;^'^e  deviant  eye  is  not  forced  to  fucate,  through  patching  of  the.good  eye, 
the  vision  faUs  anji  tKe  eye  is  said  to  have  amblyopia  ex  anopsia.  The 

f  btsis  for 'this  amiWyopia*  (popularly  called  "lazy  eye'*')  is  obscure,  but  it 

-seem$:to*be  age^dependent.  Amblyopia  occus^  characteristically  only  in 

-  the  first  6-7  yearjof  life;  during  which  it  can  be  reversed  by  forced  use 
of  the  amfelyopiic  eye,  Aftef  that  age,  and  certainly  after  the  first  decade, . 
(unblyo^ia  does  not  develop  and,  if  already  present,  cannot  ordinarily  be 
reversed.    .  ^   '  .  .  " 

*  Paralytic  stral&ismus  is  the  other  m^jof  type.  It  is  an  esotropia  (inward 
turn  of  one  eye)  when  tlie  lateral  rectus  muscle  is  paralyzed,  an  exotro- 
pia  (outward  tum)*when'  the  medial  rectus  is  paralyzed,  and  a  hyper- 

,  tropia  when  one  of  the  vertically  acting  muscles  is  paralyzed.  Paralytic 
strabismus  does  not  differ  appreciably, %sa  developmental  abnormally, 
fr6m  that  acguircd  later  in  life,  but  the  aiplopia  that  is  So  incapacitating 
in  adult-onspt  cases  is  not  present  in  infantile  or  childhood  cases.  The 

;  ypung  patient  readily  suppresses  the  false  im^age. 

Contrary  to  popular  belief,  strabismus  itself  causes  little  impairment 
of  a  child's  visual  functions.  Tlie  ab^nce  of  binocular  vision  and  stereop- 
$iscau3cs^only  minor  problems  in  everyday  life,  and  has  no  bearing  on 
dyslexia.  But  it  is  ifnportant  to  prevent  amblyopia  before  the  vision  in  ' 
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the  strabismic  eye  is  irretrievably  lost.  The  cosmetic  effect  of  strabismus 
is,  of  course,  also  a  m^jor  consideration. 

Palsies  of  Conjugate  Gaze 

Lesions  in  the  brain  stem  cause  palsies  of  co;\jugate  gaze,  these  in  the  ' 
pons  affecting  horizontal  movements  and  these  in  thc^antcrior  midbriiin 
affecting  vertical  movements.  In  addition  to  these  acquired  palsies^ 
paralyses  of  gaze  occur  occasionally  as  congenital  or  developmental 
abnormalities.  Best  known  is  the  Mdbius  syndrome,  in  which  paralysis 
of  conjugate  lateral  gaze  to  either  side  is  associated  with  facial  diplegia. 
Convergence  is  unaffected  and,  except  for  the  compensatory  head  move- 
ments and  the  expressiohless  facies,  the  defect  causes  no  functional 
handicap. 

Congenital  Oculomotor  Apraxia 

~-'  '  -  * 

::This  i^  a  condition  in  which,  despite  full  random  and  vestibulogenic 
movements,  a  person  is  unable  to  move  his  eyes  efficiently  at  .will. or  in 
following  a  moving  object  to  either  side.  Vertical  movements  are  unaf- 
fected. Because  the  fast  phase  of  vestibular  nystagmus  is  apparently 
served  by  the  same  neural  arc  as  that  of  voluntary  movemetits;  rotation 
of  such  a  patient  about  a  vertical  axis  causes  a  contraversive  deviation  of 
the  eyes  instead  of  a  nystagmus.  To  fix  an  object  to  either  side,  the  per* 
son  turns  his  head  instead  of  his  eyes,  but  the  contraversive  deviation  of 
the  eyes  neces^tates  an  overshoot  of  the  head  for  fixation.  The  result  is 
a  characteristic  head  thrust  unlike  that  seen  with  other  types  of  conju* 


Congenital  oculomotor  apraxia  is  sometimes  familialMt  is  not  typi- 
cally associated  with  other  neurologic  abnormalities.  Static  visual  func- 
tions are  normal,  but  children  with  oculomotor  apraxia  are  invariably 
slow  readers  and,  despite  adequate  intelligence,  do  poorly  in  school. 
They  have  a  true  oculomotor  dyslexia.  Although  head  thrusts  become 
progressively  less  conspicuous  throughout  the  first  decades  of  life,  the 
defect  is  never  fully  outgfown.'The  person  with  oculomotor  apraxia  con- 
tinues  to  have  some  difficulty  in  rapid  voluntary  or  following  move- 
ments of  his  eyes  to  either  side  throughout  life,  and  never  becomes  a 
facile  reader.  /  ' 
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FIGURE  1  Oompirison  of  head-eye  move- 
ments in  the  normal  and  apractic  child  on 
'  faze  to  the  left.  Wheieas  4he  eyes  precede 
,  the  head  on  eccentricTgaze  in  the  normal 
person,  the  head  precedes  the  eyes  in  the 
child  with  congenital  apraxia.  In  the  latter 
case,  the  eyes  manifest  a  contraverstve  devia- 
tion>  necessitating  an  over^oot  of  the  hehd 
on  fixation  of  a  target.  (The  blink  is  usuaUy, 
but  not  always,  present  in  the  normal  person 
and  usually,  but  not  always,  absent  in  the 
apraxic  patieni.)  (Reprinted  with  permission 
fromCofan.^) 


.87 


7.7 


DAViD      COOAN  /  JERRY  ».  WURSTER 


REFERENCES 

1 .  Coian^  D.  G.  A  type  of  conftnilil  ocular  motor  apraxia  preientiiii  jerky  head 
movementi.  Tram.  Amer/Acad.  Ophth.  Otolaiyng.  S6;8S3-862,  t9S2. 

2.  Cogan,  D.  G.  Confenital  nystagmus.  Canad.  J.Ophthal.  2:4-10, 1967. 

3.  Ggrmao,  J.  J.,  D.  G.  Cogan,  and  S.  S.  GeUis.  An  apparatus  for  grading  the  vtn^l 
acuity  of  infants  on  the  basis  of  (^^ticdcinetic  nystagmus.  Pediatrics  19: 1088- 
1092, 1957.  , 

4.  Kennard,  M.  A.  Alteration  in  response  to  visual  stimuli  following  lesions  of 
frontal  lobe  in  monkeys.  Arch.  Neunrf.  Psychiat.  41 :1 153-1 165, 1939. 

5.  McGinnis,  J.  M.  Eye-movements  and  optic  nystagmus  i|i  eariy  infancy.  Genet. 
Psychd.  Monogr.  8:321-430, 1930. 


78 


KENNETHyi,  GAARDER 


Eye  Movements  and  Perception 


A  fundamental  topic  in  understanding  reading  disability  is  the  physiol- 
ogy of  visual  information  processing.  The  understanding  of  that,  in  turn, 
depends  on  a  recognition  of  the  role  of  eye  movements  in  perceptioTi, 
Older  work  on  eye  movements  in  reading  (reviewed  by  Tifnkj^r^),  com- 
/jinedAvith  the  ideas  I  shall  present,  shows  that  one  way  of  viewing  read- 
ing disabilities  and  perceptual  disorders  is  in  terms  of  ineffective  pro- 
gramming of  visual  input  related  to  faulty  functioning  of  eye  movement 
mechanisms.  To  understand  this  fully,  it  is  necessary  to  grasp  the  extent 
to  which  the  perceptual  process  depends  on  eye  movements.  Most  of 
what  I  shall  say  is  an  examination  of  the  mechanisms  whereby  eye  move-  - 
ments  mediate  perception.  Naturally,,  we  will  note  that  eye  movements 
and  perception  during  reading^represent  only  special  cases  of  eye  move- 
ments and  i^erceprtion  in  a  wider  context.  By  first  considering  eye  move- 
ments ancWperception  in  general,  we  hope  to  be  in  a  position  to  under- 
stand them  better  in  reading  and  in  disordered  perception. 

I  shall  attempt  to  establish' two  main  points:  first,  that  the  input  of 
visual  information  is  discontinuous  (packaged,  '^ampled,  gated,  chopped, 
intermittent,  ipcremental,  or  .step-functioned),  with  the  discontinuities 
mediatedjjy'jumping  eye  movements;  and  second,  that  we  may  usefully 
conceive  of  a  hierarchic  structuring  of  intrinsic  uilits  of  visual  percep- 
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tion,  wherein  eye  niovements  de^temiine  the  nature  of  the  un.its  at  one 
level.  The  second  point  may  best  be  understood  by  drawing  analogies  to  • 
other  information-bearing  systems.  We  shall  arbitrarily  choose  printed 
language  as  an  example  of  another  information-bearing  system,  partly 
because  it  will  lead  back  to  further  consideration  of  one  focus  Of  this 
meeting-jcading. 


DISCONTINUITY  OF  VISUAL  INPUT 

There  are  two  major  reasons  why  scientists  have  not  recognized  the  dis- 
continuity of  visual  input  before.^  The  first  is  that  vision  is  subjectively 
experienced  as  continuous  over  time  and  that  our  conceptual  construct 
of  the  real  external  material  world  is  overwhelmingly  one  of  temporal 

*  continuity.  As  we  experience  the  ma'terial  world,  we  are  aware  of  no 
**bre«ks"  in  the  tirpe  during  which  our  eyes  move  about,  nor  does  this 
world  seem  ..lade'up  in  any  way  of  "pieces.!'  This  is  in  sharp  contras. 
with  the  facts  of  the  input  process.  The  second  reason  for  not  appreciat- 
ing discontinuity  is  that,  until  the  arrival  of  the  computer  age,  the  distinc- 
tions between  ^'continuous"  and  "discontinuous''  processes  were  not  so*" 
concrete  as  they  have  been  since  we  have  begun  to  use  these  problem- 
solving  machmes,  which  are  either  analog  (continuous)  or  digital  (discon* 
tinuo.us).  What  is  at  issue  is  the  difference  between  an  information- 
processing  system  that  takes  in  information  contimiously  and  one  that 
moves  in  steps,  or  incrementally,  so  as  to  process  information  in  chunks 
or  pieces.  A  few  examples  of  continuous  and  discontinuous  processes 
make  the  distinction  clearer.  Continuous  processes  are  exemplified  by  * 
the  '*coded''  groove  of  a  phonograph  record  and  the  modulations  of 
radio  waves;  the  discrete,  tapped-out  letters  of  a  typewriter  and  the  suc- 

♦  cessive  frames  of  a  motion  picture  are  discontinuous.  Although  mathe- 
maticians have  long  been  aware  of  these  distinctions,  it  is  only  now,  with 
so  many  of  us  using  computers,  that  they  have  bej;K>nie  common,  ex- 
perientially  understpgd  technologic' tools.  ^ 

Time  Course  ofSaccacles 

'  The  reason  for  laboring  this  point  is  to  bring  to  your  consideration  the 
idea  that  visual  perceptual  input  is  not  continuous,  as  it  seems  to  be,  but 
discontinuous,  very  much  like  the  successl/e  frames  of  a  mption  picture. 

SO 
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But  what 'kind  of  event  in  the  visual  system  would  represent  the  chang- 
ing of  the  frames?  Let  us  consider  some  elementary  facts  about  eye  move- 
ments, overstating  to  some  extent  for  simplification.  The  most  impor- 
tant fact  is  that,  in  moving  about  to  see  the  environment,  the  eye  moves 
in  virtually  only  x)ne  way  by  abrupt,  rapid,  discrete  jumps  (exceptions, 
such  as  tracking  movements,  are  welLdiscussed  in  standard  texts).* 
Figure  1  shows  that  we  are  dealing  with  a  discontinuous  process-what  ^ 
engineers  refer  to  as  a  ''step-function"  and  the  technical  literature^  "sac- 
cades."  During  reading,  there^re  about  four  of  these  jumps  per  second. 
During  other  times,  while  the  eyes  are  open,  there  are  usually  at  least 
two  jumps  per  stcond.  The  jumps  continue  during  visual  fixation,  while 
the  eyes  fixate  a  target. l^he  figure  shows  a  typical  recording  of  fixation 
(?ye  movements  showing  the  size  of  jump  of  about  10  min  of  arc  (1/6  of 
a  degree)  and  a  rate  of  one  or  two  per  second. 

Before  describing  evidence  of  discontinuity  of  visual  information  in- 
put and  processing,  I  would  like  to  illustrate  the  manner  in  which  eye 
movements  affect  the  time  course  of  the  perceptual  process.  Figure  2 
shows  the  effects  of  gross  jumping  of  the  eye  about  a  simple  scene.  In 
the  upper  left  is  the  scene,  on  which  are  superimposed  five  numbered 
dots  connected  by  lines.  The  dots  represent  five  successive  hypothetical 
fixations  of  the  fovea  (the  center  of  the  retina)  within  the  scene,  and  the 
lines  show  the.  track  of  the  eye  over  the  scene  as  irjumps.  We  may  as- 
sume thatJhe  scene  was  briefly  flashed  (tachistoscopically)  for  several 
seconds  on  a  screen  and  that  during  that  time  the  viewer  made  the  five 


1  sec 

nCURL  1  Tracings  of  c>c  movements  during  visuai  fixation,  .showing  several  rapiJ  Jumping  eye  move- 
ments \[  marks  the  horizontal  component  of  the  movement  ami  V  the  vortical  component,  recorded  by 
renccting  onto  photographic  paper  beams  of  light  ffom  mirrors  mounted  on  contact  lenses. 
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FIGURE  2  Simulation  of  eye  movements  in  viewing  a  scene.  At  upper  left  is  the  scene  with 
five  numbered  dots  and  connecting  lines  superimposed.  The  dots  represent  five  successive  fixa- 
tions and  the  hnes  represent  the  track  of  the, eye  jumps  between  these  fixations.  The  upper  right 
shows  arbitrary  central  retinal  areas  fiJSund  each  o(  these  fixations.  The  row  of  circles  simulates 
the  time  sequence  of  presentations  t\  the  brain  of  the  chain  of  five  successive  central  retinal 
views  as  the  eye  views  the  scene.  The  :rf.cing  below  the  circles  shows  the  horizontal  component 
of  the  successive  fixations,  with  L  and  R  representing  the  left  and  right  directions.  The  bottom 
of  the  figure  shows  alternative  tracks  after.the  first  two  fixations,  illustrating  the  stochaslic  na- 
ture of  the  process. 
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fixations  along  the  indicated  track.  On  the  upper  right  h  the  same  scene 
with  five  superimposed  circles  representing  arbitrary  equal  central  retinal 
areas  as'fhey  would  be  on  the  retin*a  or  anywhere  back. of  the  retina.  Be- 
low is  a  K)w  of  circles  forming  a  chain,  which  represents  the  sequence  in 
time  of'these  successive  central  retinal  areas  as  they  would  be  on  the  ret- 
ina or  anywhere  back  of  the  retina.  Note  that  each  circle  represents  a 
*  chunk  or  package  of  information.  The  bottom  of  the  figure  illustrates 
two  les^-important  issues  to  be  mentioned  in  passing.  The  horizontal  . 
tracing  simulates  a  recording  of  the  horizontal  component  of  the  eye 
movements  as  they  occuj;  at  the  bottom  of  the  figure,  we  assume  that 
the  same  five  fixation  points  were  chosen  but  vary  the  sequence  after 
fixations  I  and  2. 

Edge  Visual  Images 

Figure  3  simulates  the  effects  on  the  retina  of  the'eye  jumps  that  occur 
during  visual  fixation  on  the  same  scene.  It  shows  packaging  of  informa- 
tion, but  of  a  slightly  different  sort.  Because  these  fixation  eye  jumps, 
are  much  smaller  than  in  the  previous  example,  they  do  not  have  the 
effect  of  causing  the  same  massive  transformation  of  the  central  retinal 
area  as  in  the  gross  viewing  eye  jumps.  Instead,  they  result  in  changes  at 
tho  edges  of  objects  on  the  retinal  image,  imitated  here  by  a  photographic 
technique.  If  positive  and  negative  transparencies  of  the  same  scene  are 
'superimposed  with  a  slight  displacement,  the  resulting  print  shows  by 
tightening  or  darkening  o(  a  particular  edge, the  change  that  would  takeV 
place  on  the  retina*as  the  result  of  a  small  eye  jump.  The  only  place 
where  change  occurs  is  at  edges.  The  small  arrows  represent  the  vectors 
(size  and  direction  measures)  of  the  hypothetical  jumps  that  would  cause 
the  changes  shown.  Note  that  the  sets  of  edges  generated  are  unique  to 
the  vector  and  that  the  set  of  vector-generated  edges  taken  as  a  >vhole 
again  implies  the  uscfulness.of  stochastic  models.  The  same  thing  along 
a  single  small  arbHrary  segment  of  edge  on  tKe  retina  is  shown  schemati- 
cally between  A  and  B  in  Figure  4  (top).  The  center  of  Figure  4  simu-, 
lates  the  position  of  the  edge  before  (tj )  and  after  (tj)  small  jumps  of  | 
the  eye  to  the  left  or  right,  and  the  bottom  shows  the  net  change  of  ) 
these  jumps,  which  would  result  in  ''off*  or  ''on*'  firing  gf  retinal  ele-  f 
nients,  inasmuch  as  what  has  happened  are  *Jofr*  or  ''on*'  changes. 

Figure  5  is  a  simulation  of  central  retinal  areas  during  reading.  The 
first  lines  show  a  sentence  of  text;  the  second  lines,  hypothetical  fixa- 
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1 IGURL  3  Simulation  of  retinal  image  edge  genetation  by  hm^\  fixation  eye  jumps.  This 
figure  shows  the  positive  (A)  and  negative  (B)  prints  of  the' same  scene  at  the  top.  If  transparen- 
cies of  the  two  are  fitted  together  with  slight  offset^  the  discrete  edges  of  C  throughil  result. 
This  simulates  the  change  of  the  i^inal  image  produced  by  small  eye  jumps  (indicated  by  the 
arrows).  I  or  photographic  reproducibility,  the  displacement;^  and  the  arrows  are  larger  than  the 
jumps  that  occur  during  fixation.  At  38  cm,  1  degof  arc  is  about  6  mm.  A  typical  fixation  eye 
jum^  might  result  in  an  apparent  displacement  of  0.2-1  mm  at  that  distance. 
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r  IGtJRL  3  Simulation  of  retinal  image  edge  genetation  by  Miioll  fixation  eye  junip^.  This 
figure  2>hows  the  positive  (A)  and  negative  (B)  prini2>  of  the'&ame  ^tcne  at  the  top.  If  transparen- 
cies of  the  two  are  fitted  together  with  slight  offset,  the  discrete  edge^  of  C  througlijl  result. 
This  emulates  the  change  of  the  i^inal  image  produced  by  small  eye  jump^  (indicated  by  the 
ar(ows).  1  or  photographic  rcproducibihty,  the  displacement^  and  the  arrows  (U«.  larger  than  the 
jumps  that  occur  during  fixation.  At  38  cm,  1  dcg  of  arc  i^  about  6  mm.  A  typical  fixation  eye 
jumf)  miglit  revsult  in  an  apparent  displacement  of  0.2*1  mm  at  that  distance. 
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i  himkif!^  nr  Pai  kuiiing  iff  Vhual  Inpul 

With  thispitturc  ol  ihc  ph>vu4l  Lafsnt  the  cvt  mwcuant  s>  Nkm.  we^ 
^.an  nuu  examine  suinc\ut  the  other  eviiic<iue  lot  and  against  the  idea  ol' 
visual  perecptjon  as  a  dbvuntinuous  prove^'>  mediated  b>  e\e  lumpv 
I  ^haU  relet  ti>  live  sets  ul  experunenls  and  tlicir  unplKalfon^ 


I 


FtGURK  5  StmuUuon  of  liw  cfr«ct  of  eye  |umpi  dufia«  leading.  A.  4  4\on  smpk  of  text,  8«  ftmulatioi 
c^f  a  Ki  of  four  eye  fuiUO!i%  idots)  ipA  the  mienrcntng  eye-iump  tracks  (artows)  dunng  ie«dii^  of  ibt  ' 
tew  C\  vmiiUuon  of  AibiUat>  Mini  itUnAl  aicai  about  c*;h  fixauon.  D:  ftmulaijoo  of  the  tune  icqytai 
bf  piv'*^«i«noii  to  the  bt^in  of  the  th«in  of  foui  ^Kce^Mve  vtnif rcUiui  ^\t^s  Note  "oveiUp;'  or  tcpttt 
tion  of  woi(]%  ocCHi|t  uicici^ivc  fuiition^ 


Chunking  or  Pat  kaghig  \i  Visual  Input 

With  this  picture  of  the  physical  factJ^of  the  eye-inoveinent  system,  wc, 
can  now  examine  some.of  the  other  evidence  for  and  against  the  idea  of 
visual  perception  as  a  discontinuous  proce^  mediated  by  eye  jumps. 
I  shall  refer  to  five  sets  of  expenments  and  their  implicaflons. 
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L  Tlic  oldest  experimental  eviiknce  i^Xhc  phenoinemyi  of  ilickec  * 
fusion.  Yrom  wiVeh  it  uin  be'^argued  that,  if,  at  some  purticular  flicker 
rate,  flicker  is  not  perceived,  these  chunivs  of  intefmitttntl>  prc>caled 
infonnation  are  >Ubjectively  sn.oothed  in  the  same  vva>  as  the  chunks 
mediated  by  eyc^movemeiiftv  •     /  , 

2.  ConverssJy.  if  there  were  a  means  to  artificially  prevent  packaging/ 
oi  visual  input,  it  could4)e  predicted  that  perception  would  ccajic,  as 
happens  when  eye  jumps  are  automati^ail>  canceled  in  j^toppevJ-retmal- 
image  experiments/-^*'  ,  <r  > 

3  Another  argument  holds  th^,  if  pv>i;j,eptual  inpujt  is  intermittent, 
there  must  be  inhibition  of  vision  dufirtg  the  periods  when  input  isfiot 
bein^f  processed,M.e.,  dufing  eye  jumps.  This  is  found  to  be  the  case  dur- 
ing jumps^,  visual  thresliolds  are  raise.d  and  inhibitoo'  neurons  are  acti- 
vated m  tile  laterargeniculate  nucleus/-'^  '  ^ 

4.  Another  line  of  reasoning  holds  that,  if  eye  jumpfestafilislupack- 
Jg<rs  of  inforination,  the>  should  be  followed  by  cortical  activity. marking 
tilt  ar,rival  qt'the  packages.  This  is  iiideed  the  case,  the  ty  e  jiynpyiggcrb  , 
occipital  activitv .  recorded  as  a  t> pical  averaged  response.**  **  TrfSt  tfie 
L>ye  jumps  are  correlated  with  alpha  rhythm  is  also  relevant  here,  because 
it  shows  a  relationship  between  packaging  du^  to  eye  jumps  and  more 
general  cortical  packaging  processes.**^  . 

5  Less-direct  evidence  tlut  eye  jumps  establish  discontinuity  \^  pro- 
vided by  the  finding  of  changed  fixation  eye-jump  vectors  as  a  result  of 
changes  in  viyial  stimulus.  Here,  the  argument  is  tha^,  if  the  form  of 
visual  input'isconti^>Hed  by  a  feedback  output  ol^he  visuaLsystem, 
charging  the  stimulus  would  change  the  outpiit  that  controls  the  input.J 

Acknowledgiiig  these  points  requires  that  one  concdve  of  perceptual 
ii^put  as  discontinuous,  because  a  discontinuous  event  (the  eye  jump) 
controls  it. ^ 

Ividence  timt  might  be  taken  to  shpw  that  eye  jumps  have  no  role  in 
pi'fception  includes  the  fact  that  visual  acuity  is  as  good  during  a  flash  * 

'  tliat  is  too  brief  to  allow  eye  movement  /is  during  prolongectviewing. 

'  t  ne  way  of  interpreting  this  is  to4»ay  that  if  you  can  sec  as  Wi?ll  during 
a  flash  too,  brief  for  thee>e  to  jump,  then  you  do  not  ivjed  eye  jumps 
ti»  see.2  Thisiine  of  reasoning  does  not  take  into  account  the  fact  that 
It  iVnot  the  eye  jump  itself  that  is  important,  hut  that  the  juinp  causes 
a  mipt  incremental  change,  which  is  also  what  ihcj  fiash  causes.  In  other 
words,  abrupt  incremental  change  of  the  stimulus  is'cau.scd  b>  fiashing 
tl  te  stimulus  or  by  jumps  of  the  eye  and  allows  vision  to  occur. 
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Smoothing  of  Input       *  "  4  ^  * 

In  considering  discontinuity  of  perceptual  input,  a  final  point  must  be 
made  for  the  sake  of  logic  and  completeness:  if  input  \%  discbntinuous, 
there  must  be  **sampling''  periods  and  "nonsampling''  periods  J'^  4n(or- 
matioa  that  arrives  during  nonsampling  periods  must  be%ither  lost  dr 
held  in  so;ne  sort  of  short-term  buffer  memory.  Inasmuch  as  a  high  per-* 
centage  of  brief  light  flashes  are  seen  routinely,  there  must  be  a  ^ort- 
term  buffer  memory  in  the  visual  system  between  input  ^sampling)  mo-  , 
ments.  The  direct  analogy  to  time-shared  computer  technology,'^  which 
uses  short-term  buffer  memory  storage,  should  be  notedf  • 

To  recapitulate. briefly  what  has  been  shown,' the  input  of  visual  in- 
formation during  perception  is  not  continuous,  but  is  interrupted  seveTa^ 
times  each  second  by  eye  Jtimps»  which  naturally  divide  the  input  into 
chunks  or  packages;  these  packages  are  reassembled  by  the  brain  into  a 
spatiotemporally  continuous  visual  world  inaluding,  for  example,  the 
CQHtinuous  line  of  text  res*<f  from  a  page;  finally,^ the  packages  represent 
natural  physiologic  units  -a' step  in  the  direction  of  reducing  phenomena 
to  units, whose  measurement  reflects  their  intrinsic  nature.,  , 
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^  We  shall  next  explore  several  neglected  areas,  with  the  goal  of  better 
grasping  some  additipnal  aspects  of  perception  without  which  readjpg 
cannot  be  understood.  By  developing  analogies  between  yisiial  percep-  • 
tion  and  printed  language,  we  plaCe  both  the  visual  system  and  written, 
"language  squarely  in  the  generic  category  of  information^bearing  systems. 
We  are  exploring  but  several  of  the  issues  of  interest  while  passing  by 

,  others  of  equal  promise  (see  Polanyi'"^ ). 
'    The  first  of  these  issi^es  is  the  continuing  quest  of.science  for  units 
that  are  intrinsic  "to  natural  pheijoniena  rather  than  arbitrary.  Chemistry 

'  and  physics  made  great  strides  when  protons,  neutrons,  electrons,  atoms, 
and  molecules  replaced  the  arbitrary  mass-space-time  units  of  gramS,- 
meters,  and  seconds.  In  neurophysiology,  progress  is  not  so  easy,  but  it 
would  be  conceded  that  the  nerve  spike  must  represent  an  aspect  ojf  such 
intrinsic  units  of  nervous  activity.  Another  issue  no>Y  being  perceived  is 
that  we  are  moving  about  within  the  domain  of  information  rather  than 
s61ely  within  the  domaki  of  energy.^  This  means  that  units  of  energy 
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jind  spacc-timc-mabs  measurement,  whether  intrinsie  or  arb|traiy,  al- 
though riecessaos  are  inadequate,  and  that  uUimately  perception  must 
tfe  dealt  with  in  informational  units  instead.  A  final  issue,  which  also 
comes  from  information  theory  and  general  systematics,  is  that  our  ' 
models  must  be  able  to  encompass  the  concepts  of  hierarchy  and  struc- 
"ttfre.  We  will  attempt  simple  definitions  of  these  terms  mainly  by  illus- 
tration.       *       *  • 


Werarchy  '  y 

ree  main  elements  of  the  analogy  to  printed  language, are  the  hier- 
archy of  levels,  intrinsic  units,  and  fojdiiation  of  chams.  The  first  level  in 
the  hierarchy  of  language  is  a  set  of  betters  drawn  from  the  alphabet  of 
that  language  (Table  1).  Each  letter  is^not  only  an  element  of  the  set,  but 
also  a  natural  intr.nsic  unit  of  \he  language,  and  the  units  arc  all  of  equal 
size.  The  next  levijl  of  a  language  is  a  set  of  words,  which  make  a  larger 
set  represeijted  by  ?he  dictionary  of  the  language.  Words  may  be  con- 
sidered natij]^!  units  jusi  as  letters  arc,  but.they  are  nol  of  equal  size, 
becau^KC  they^re  ip^de  up  of  different  numbers  of  the  basic  units  of  let- 
ters. The  next  level  of  the  hierarchy  of  language  is  a  set  of  sentences, 
which  may  be  ronsidered  as  another  type  of  unit  forming  a  still  larger  set. 

0  " 

TABLE  1  The  Hierarchy  of  Sets  in  a  Printed  Language 


Dcscnption 

I'xamples       "  ' 

Set  oflcucrs  (alphabet) 

Set  of  words  ("dicrionax)^"^ 

Set  of  sentence^  (ruled  by  grammar) 

Set  of  text  (ruled  by  style) 

a,b,c,d  x.y.i  ,           .  *^ 

and,  bird,  came,  doori,  top  ' 

Jade  rolled  t|ie  ball.  Don*t  cat  mushrooms. 

all  articles,  all  book/^,  all  manuals 

Structure 

4 

All  these  .units  are  combined  in  various  kinds  of  chains.  A  given  text  con- 
sists of  chains  of  sentences,  which  consist  of  chains  of  words,  which  con- 
sist of  chains  uf  letters.  We  have  seen  that  all  the  units  in  chains^are 
discontinuous,  rather  than  continuous,  in^the  sense  considered  earlier  ^ 
and,  fiuj^ermore,/hat  they  are  Units  intrinsic  to  the  nature  of  printed 
language,  rather  thafi  arbitrary.  Finally,  because  of  the  nature  of  infor- 


ERIC  . 


89 


KENNETH  R.  GAARDER 


.„  mMion  and  the  limitat^     of  language,  each  levelW  thp^hierarchy  is  able 
to  contain  only  some  types  of  information;  the  hi^cr  vne  goes  in  the* 
hierarchy,  the  greater  the  degree  of  complexity  that  c^n  be  conveyed 
and  the  more  complex  the  niles  for  this  conveyance.  What  we  are.saying 
is  that  structure  exists,  and  that  it  constrains  all  the  possibilities  and  re-  • 
suits  in  the  susceptibility  of  chains  to  probabitistfc  or  stochastic  models. 
(A  simple  example  pf  constr^at  is  that  the  letters  making  up  a  word* 
must  be  put  in  the  correct  ord^^r  for  the  word  to  exist;  the  structure  of 
the  word  is  a  constraint  on  the  set  of  all  possible  combinations#of  the 
letters  in  the  word,  e.g.,  cat,  cta,  act,  atc^tac,  tca.) 

We  will  new  look  at  how  analogy  to  written  language  helps  us  to 
understand  visual  perception.  The  package  of  visual  input  mediated  by 
eye  jumps  is  analogous  in  several  re^^pects  to  the  intermediate  level  of  u 
the  language  hierarchy.  They  share  the  properties  of  being  discontinuous, 
of  being  intrinsic  and  natural  to  tlie  function  of  the  system,  of  being 
composed  in  some  way  of  the  smallest  units  (letters  in  printed  language 
and  nerve  spikes  in  visual  perception),  and  of  being  made  up  of  various 
numbers  of  the  smallest  units.  They  also  form  chains  to  make  up  larger 
units  (Figures  2  and  5)Jt  is  convenient  to  consider  these  packages  as 
analogous  to  v/ords  if  we  bear  in  mind  that  we  do  not  yet  know  enough 
about  the  visual  system  hierarchy  to  know  whether  there  are  other 
levels  between  nerve  spikes  and  eye-jump  packages,  even  thougli  the 
hypothetically  analogous  letters  and  words  are  on  adjacent  levels,  A^eat 
deal  rnore  could  be  said  about  the  ramifications  ofeach  of  these  poiii^s  * 
of  similarity,  but,  for^he  sake  of  clarity,  only  the  three  elementsinen- 
tioned  wall  be  e'stablished.  '  , 

Comparison  /  * 

First,  a  hierarchy  is  natural  to  a  language  as  an  inforiflation-bearirtg  sys- 
'  tem;  the  visual  system,  as  an  analogous  information-bearing  System,  must 
have  a  hierarchy.  In  other  words,  our  analogy  proposes  that  complex 
inforniation-bearing  systems  ar/intrinsically  and  necessarily  hieriji^hT- 
cally  organized.  Second,  as  to  the  question  of  units,  we  have  cited  two 
major  characteristics  of  the  analogy:  the  discontinuity  of  units  at  all  , 
levels  (an  interesting  question  is  whether  \i  is  possible  to  carry  informa- 
tion continuously  at  higher  levefis  in  a  system  whose  lowest  level  is  made 
up  of  discontinuous  units  the  nerve  spike  and  the  letter  and  so  con- 
strains the  higher  levels  to  be  discontinuous)  and  the  intrinsic  natural  re-' 


ERIC  '  itv?; 


•  \  \  Eyk' MoYcmeHts  and  Perccptii 

lationship  of  the  units  to  the  infomiation-be^^ring  system  of  which  th^y 
are.a  part.  Tliird,  having  noted  the  formation  of  chains  in  both  visual  ' 
perception  and  printed  language,  we  can  sense  the  importance  of  eye- 
jump  packagesjn  forming  higher  units  of  visual  perception -"sentences," 
*  so  to  speak:  For  exampll^'as  you  look  at  an  object,  the  chain  pf  your  ' 
eye-jump  pacfkages-will  constitute  a  sentence  that  is  completed  when 
you  glance  at  the  nejct  object  and  begin  a^new  sentence  in  organizing  a 
percept  of  it.    \       .  ,       .  ' 

We  can  be  specific  at  two  levels  as  to  the  nature  of  the  visuaUsystem 
units:  the  lowest  level  of  vision  is  a  nerve  spike,  analogous  to.  the  lowest 
=^evl?l  of  a  written  language,  the  alphabetic  letter;  and  a  higher  level  of    ^ ' 

yisual  perceptlbn  is  the  package  of  information  (mediated  by  the  eye     .  - 
,  jump)/which  is  atialogous  to  one  of  the  higher  levels  of  a  written  ' 
language.  » 


THE  READING  m'oDE'l'^        *  ^  \ 

We  have  'shown  that  readi^ig  is  a  pmcess  that  is  divided  into  UMiatural 
units  by  the  jumps  of  the  eye.  Tliese  units  are  somehow  combinedSo 
create  both -a  continuous  visual  spatiotemporal-yvorld  and,  in  reading,  a 
perceptual  and  cognitive  continuity  of  the  textual  material.  These  eye- 
jump  units  have  a  rate  of  occurrence,  with  optimal  and  high  and  low 
rates.  Thus,  Hicre  is^a  framework  on  which  to  build  a  ^lodel  of  reading 
that  involves  programming  much  like  that  of  a  computer,  with  the  same 
kind  of  vulnerability  to  faulty  nricrpsequences  (for  example,  the  various 
sequences  of  the  letters  in  c  a  t  )  and  interference  from  other  sense  mo- 
dillitiesor  cognitive  and  motor  spheres.  This  model  is  derived  Vrbm  what 
vyc  have  des^cribcd  earlier.  Inasmuch  as  programming  is  the  arrangement 
of  hierarchic  units  with  better  *nd  worse  alternative  sequences  and  with 
alternative  sets  of  units  from  different  sense  modalities  and  differenjt 
spheres,  whicli  may  dr  may  not  be  included  in  the  chains.^  The  vulner- 
abilities referred  to  can  briefly  be  considered  further.  The  concept^of 
faylty  sequences  can  be  amplified  by  analogy  to  our  present  knowledge 
of -computer  programming,  from  which  we  gain  respect  for  the  impor- 
tance of  carrying  out  a  series  of  operations  in  exactly  the  right  order. 
From  computer  programming,  sve  have  learned  that,  even  though  there* 
is  more  tha  -*  pne  way  to  skin  a  cat,  there  is  a  still  larger  set  of  ways  that 
will  not  work  at  all.  In  the  older  literature  on  eye  movements  in  reading 
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'  jo^ne  ineffective  microsequence  that  was  stud^^^^  ' 
*  of  regressive  eye  movements,  that  is,  eye  jumps  that  went  back  to  a  part 

of  the  text  already  covered.  Another  disorder  of,microsequcnccMn- 
volves  carrying  them  out  too  rapidly  or  too  slowly. Too  rapid  eye  ^ 
jumps  are  undoubtedly  associated  with  hyperaroused  (overly  alerted)  _ 
^  stages,'  whereas  both' too  high  and  too  low  rates  w6uld  lead  to  inter- 

ference from  other  spheres.  ^ 
Our  model  of  visug^erception  has  strong  implications  for  a  model  of 
•  sensoiy  "processing  antr  behavior  in  general  thatxan  help  us  ta under-  - 
,  stand  these  interferences.  It  is  apparent  that,  if  the  visual  system  is  using  ' 
its  own  particular  coding  for  its  own  particular  language,  each'of  the 
other  sensory  systems  is  doing  likewise,  and  the  same  thing  is  occurring 
in  the  cognitive  and  motor  spheres.  This  can  be  illustrated  most-vividjy 
by  thinking  of  ourselves.as  individual  towers  of  Babel  or  multilingual 
United  Nations  meetings-our  eyes  might  speak  German,  our  ears  Arabic,  * 
and  our  stomach  French,  and  the  central  processor  nntst  translate  these 
all  into  English.  If  we  accept- the  applicability  of  these  analogies,  we  are 
^  in  the  useful  position  of  being  forced  to  make  choices  between  time- 
sharing (i.e.,  serial  processing)  models  and  simultaneous  (i.e.,  parallel 
processing)  models  to  account  for  the  processing  between  these  differ- 
ent sense  modalities.  What  emerges  lucidly  for  our  present  concern,  how- 
ever, is  the  desirability  of  inhibiting  or  "turning  off'  other  sense  modali- 
ties, such  as  hearing,  so  as  to  reduce  the  interference  with  carrying  out  a 
specific  function,  such  as  reading.  We  can  logically  and  theoretically 
*    'characterize  one  class  oC  reading  disability  as  th*at  mediated  by  interfer- 
ence from  other  sense  modalities  or  cognitive  and  motor  spheres.  (We  • 
are  not  implying  that  this  hypothetical  class  is  uncontaminated  by  other 
classes  of  disability.)  Also,  it  appears  that  hyperarousal  may  often  char- 
acterize this  type  of  disability,  but  that  is  another  subject. 
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DISCUSSION 

nk.  MASON;  You  have  suggcstcdjhat  ^hcrc  is  no  way  to  get  from  one  level  to 
another.  That  is  true  ot  many  experiences,  and  I  think  that  this  is  the  same  sort 
of  problem  that  has  stymied  psychologists  for  a  long  time:  How  do  you  getfrom 
one  level  to  the  next  froniihe  IcVbl,  say .  of  letters  to  words  to  seqtcnccs?         .  * 

DR.  GAAKDKR:  That  is  the  crucial  que&tion^and  to  me  it  means  that  you  cannot' 
merely  know  every thiiig about  cell  physiology,  add  it  up, .and  make  psychology 
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•out  of    It  will  not  work.  It  is  a  question  of  ctfiriching  pragmatically.  It  is  a  ques- 
tion of  enriching  one  level  by  considering  another  level,  and  understanding  more  < 
about  one  Itvel  by  studying  H  and  by  referring  to  higher  and  lower  levels. 

DR.  BOYNTON:  Would  you guess  that  onc  could  establish  procedures  for 4hc 
tranbltion  from  any  one  level  to  another?  .  ^ 

PR.  G AARDKR.  Yesjn  any  domain  that  you  cmc  to  pick-  motor  learning,  per- 
ception, what  have  you.  I  think  that  Dr^  Chall  had  9  point  about  the  question  of 
whether  children  leara  written  language  by  coding  or  phoiTetics.She  suggested 
that  they  may  need  to  learn  to  code  before  proceeding  to  the  phoncticparts. 
That  may  be  j^very  rapid  learning  process  once  it  i^  mastered. 

DR.  tUDL  AM .  I  would  like  to  ask  you  to  do  an  experiment.  Suppose  we  carefully 
recorded  the  serits  of  fixations  and  saccadic  eye  movements  in  the-ccfurse  of 
someone^  reading  and  then  processed  them  exactly  the  same  way  in  the  same 
!>equence  and  with  precisely  tfie  same  timing.  Suppose,  for  a  second  case,  that 
we  include  the  periphery  of  the  visual^ryelds.  as  well  as  the  central  area.  1  think  h 
is;ihnost  certain  that  we  wDuld  find  |hat  the  con\pensatjon.of  the' peripherals  in 
artificial  conditions  w6uld*be  very  poor  mdeed,  and  it  might  be  Worthwhile  Xo  / 

-    ask  why.  "  ,    ^  * 

DR.  GAARDi;.R.  The \liffc reduce  between  those  two  situations  is  that  an  eye  rpove- 
ment  that  is  involved  in  the  first  case  is  absent  in  the  second.  The  eye  movement 
is  under  the  ct^ntrol  of  the  subject;  what  the  eye  is  go^ng  to  do  next  in  the  read-  ^ 
in^  situation  or  in  the  more  general  perceptual  experience  is  determined  during, 

«    the  100  msec  oiunore  of  the  fixatiqnal  pause.  I  think  this  is  exceedingly  impor- 
lant  as  a  problem  in  visual  perception.  In  the  normal  situation,  clearly,  the  **com- 
^puter'*  knowsjA'here  the  eyes  are  gomg  to  go  neki  and,  as  a  consequence,  is  able 
to  get  a  good  deal  xnore'out  oflhe  visual  input  from  successive  fixations  th^n 
could  otherwise  be  possibfe^       .     -.^  • 
^  DRv  ALFi:  RN.  Does  tliis  add  to  the  relevance  of  eye  movements  for  reading 

DR.GAARDER:  Yes,  I  think  what  the  eye  is  doing  in  the  previousy^lOO  msec  is  * 
very  important  in  the  problem  of  poor  reading,  and  it  is  an  aspect  of  the  prob- 
lem  that  people  have  not  paid  very  much  attention  to. 

DR.i¥T,RSH.  It  seems'to  me  you  are  causing  yourself  a  great  deal  of  diffici^lty'by 
ttying  to  e)^trapolate  movements  of  the  eye  from  the  stimulus  patttfn  alone,  T 

'  *'think  there  are  some  rather  special  differences  between  eye  movements  during  ^ 
^reading  and  eye  movements  around  arbitrarily  depicted  shapes  of  the  type  that 
you  show. 

DR^jp  AARDER.  I  suppose  that  one  of  the  wayrto  predict  eye  movements  involves 
an  analogy  tg  the  way  the  language  i\  structured  and  how  well  one  knows  that 
structure.  At  least,  that  appears  to  be  th6clse. 
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The  verb  '*contra!>t;'  according  to  Webster's  New  Colfegiate  Dictionary, 
means .**to  exhibit  noticeable  difierences  when  compared  or  set  side  by 
side/'  jmplicit  is  the  idea  that  small  differences  will  "become  less  iiotice- 
'able  or  unnoticeabfe  if  the  items  being  compared  are  separated.  That  is 
true  for  human  visiiOn.'^  :  % 

If  two  half-circles;  of  light,  each  homogeneous,  are  very  carefully 
butted^gainst  one  auother,  they  forma  {bipartite  field.  If  their  lumi- 
nances are  cquaMhcy  will  fomi  a  liomogenepus  disk  without  a  discern- 
ible border  between  theTwo  half-fields  that  make  up  the  disk.  Suppose 
that  we  can  adjust  the  luminance  of  one  half-Held  independently  of  the 
other.  The  luminance  difference  necessary  for  a  border  to  be  just  per- 
'  ceived  is-about  0.57/.*  But  if  the  fields  are  moved  barely  apart -just 

.This  value  obtains  fqi  optimil  vondilion^  of  vjcviing.  when  Ihcjuit  notitcabic  difference  in 
based  on  the  standard  deviation  of  m^ny  sellings,  and  the  subject  attempts  again  apd  again  to 
.tsscl  the  two  half-fields  exactly A^qual  in  brightness.  Hejc  and  in  experiments  to  he  revicwi-d  lately 
different  conditions  and  experinicntil  methods  will  inevitably  ytcld  different  results.  I  urther- 
mort.  there  are* significant  differences  among  normal  subjects,  yid  in  pathologic  cases  the 
values  obtained  may  be  different  by  more  than  one  order  of  magnitude^  It  is  not  possible  to 
intlroducc  qualifying  jtatcmtjnts  everywhere  in  this  paper;  ,the  reader  should  accept  vaJues  given 
as  representative  of  typical  subjects  under  optimal  viewing  conditions,  unless  otherwise  stated.  * 
't  pntrasf*  is  common^*  used  to  specify  a  physictUly  measurable  difference,  as  well  as  to 


■  •  K  * 


enough  to  introduce  a  very  thin  black  Hne  between  them  this  value  will 
mcrease  to  about  1%.  Farther  separ^ition  will  increase  the  value  even 
more.  Why-is  this?  The  answer  is  much' more  complicated  tifan  might  be 
expected.  Indeed,  the  yesalt:^  of  even  this  simple  experiment  cannot  be 
.  fully  expUined  on  the  basis  of  our  present  knowledge,  althougli  a  general 
*  understanding  is  possible.  One  purpose  of  this  presentation  is  to  review 
some  of  what  is  Khown  about  the  rctindl  contrast  mechanisms  lhat 
underlie  this  and  other  observations'  Another'purpose  is  to  relate  this 
knowledge  to  the  percjjption  of  small  dark  details  against  a  brighter 
backgroimd.  which  is  characteristic  of  the  typical  reading  task. 


RtriNAL-lMAaE  CONTRAST  GR/mihNTS     '  " 

•    We  must  bcgm  by  wonsidering  what  sort  of  image  is  fonned  by  an  ex- 
ternal stimulus  on  the  retina  of  the  eye  the  retinal  image  is  by  no  means 
a  perfect  replica  of  what  is  oiftside.  In  any  image-fomiing  system,  the 
image  of  a  point  is  not  a  point,  but  rather  an  optical-spread  function 
(see  Figure  I ).  Diffraction  provides  an  ultimate  limit  in  any  optical  sys- 

V    tern.  In  the  eye.  aberratiun.  liglit  scatter,  and  accommodativc.errors 
broaden  the  function  further.  Its  width  alM)  depends  on  pupil  sin\  being 
mirymal  (and  thus  besj)  when  the  pupil  is  at>but  2.5-3  mm  in  dianicter. 
T\k  spread  Junction  does  not  def)end  on'^ight  intensity.  At  very  low 
light  leveljj.  the  function  describes  the  probability  of  arrival  of  pKotons, 
#      at  eJch  spatial  position,  within  a  test  period. 
~  '     Assuming  the  point-spread  function  as  measured  by  Westheimer  and 

Campbell,^'  an  edge  between  a  briglit  field  and  one  lhat  is  conipletcly 

dcKnbf  subjc^  live  c  xpcn^ncc.  In  ihts  prc^entjitton.  "conlra*!"  n  used  lo  dcscitbe  what  cam  be 
mea^ufcd  with  4  phoiomclci,  and  modifwr^  will  be  used  lo  rcfci  lo  lh€  H;fccl%  produced 
optical,  physiologic,  or  ^ubjcclwc  by  the  physical  conlrail  stimulus. 

I'Oi  small  dclaiU  wen  againM  a  lirgc  back|iouhd,  conira^i^t  will  be  defined  a\  iBf-Bf,)liB^h 
af Ici  Bla*.kifccll.*  Ileie.  Bf  t\  the  ^uminantc  of  the  stnakl  '  laiK  oi  laigdl.  Bf,  is  iht  luminincc  of 
ihe  bi^kgfound-  Henulhe  Ititttt  of  negative  tontuM  i%  1,00 1  lOCni.  and  positive  ghyMcii  ccfn-* 
iraslv  may  a-wumc  any  value  The  justification  foi  this  spetifitation  is  that  IhcMybilitielof 
dark  taigets  ihcgative  physital  vontiast)  and  bnght  targets  (positive  phy »kal  contiaM).  when 
j«:en  against  the  same  background,  ofc  approximately  cquiO,         -  .  , 

/  In  other  situations  paiticulaily  when  bipartite  or  striped  fields  arc  used,  there  can  be  no 

clear  distinction  between  test  and  background,  nor  between  posiUvc  and  negative  physical  con- 
trast, rhcrefore.  physical  contrast  in  tlieseVascs  is  defined  as  (^,--02)' «H|*/^2^  HereHj  is  the 
positive  ph>Mcal  conirast  and  B2  the  negative  physical  contract,  the  Ibnit  of  physical  tontrast  is 

between  if  era  and  ±  lOCT- .  ' 
"  ♦ 


'   RetifuU  Coatmi^MechmUm 

•  *       •        .  • 


FIGURE  I  Lin**  a|Nt  poMit-«pf«at  fttiwiioftt  on  the  bumiii  rtttiu.  as  delcfmoicd  fiom^Uie  exptrimtRUl 
dtii  of  WefChviiMf  lOri  OunpMI^  ^  by  dinct  phytlcti  Measuitmcnt  oo  the  huiMn  eye  (Coufmy  of  G. 
WiftlMHiwrJ 

daifc  produces  on  the  retina  the  light  distribution  shown  in  Figur«t2.  We 
conclude  tHat  theoir't$  a  gradient  of  intensit^tween  the  two  fields, 
father  than  an  abrupt  change.  It  is  this  sort  of  gradual  variation  in  illumi- 
nation that  the  retina  works  with,  and  never  the  abrupt  changes  that  are 
so  easy  to  provide  outsidotthe  eye.* 


RETINAL-IMAGE  CONTRAST:  BLACK 'UNES 

US  now  analyze' what  happens  if  the  eye  is  confronted  with  a  dark 
..seen  against  a  homogeneous  white  background.  Suppose  that  the 

^*For  liMar  md  homofinroiis  sy  stemt.  t  Uac-Hutad  function  wh  «>  that  ihown  tn  flgiue  2 
can  bt  conmlcd  into  a  modulatkm-trantfef  fuoctlon^  The  litter  ihowt  tbt  pttcentifr  of  con- 
met  transfffffd  thiouih  an  optnal  syitm.  plotM  a»  a  functkm  of  the  fiequency  of  $uiu«o4d« 
9f  ^tial  luminance  variation.  Although  thit  procedure  hat  fome  adnntafei.  and  theit  have 
been  many  experimenU  In  wrhlch  tk*  letponse  of  the  eye  wa»  eiiamlned  with  ipatiai  tinufoidi 
ai  the  f  timuluft,  the  app«Mch4i  dinktili  to  a|^y  phfn  coniiderinf  ktlcn  of  print  on  a  pifi. 
Fot  that  itaMMf,  t  do  not  uie  the  modu(ation*transfer  approach  In  this  difcusiion. 
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HGUR^  I  yght  dismbiKmi  m  the  ifttnM  thmt  oT  aq  edfe  m  itv  hufiwin  «yt.  betifomii,  (mi 


line  1^ completely  black.  We  (tifproduce  ihis^in  the  laboValorf.  by  hpld'^' 
^  ,  ing  a  pair  of  white  .surfacd^^  say*  3  x       nit^  cards  -  in  front  of  some  . 
)  kindoflightlfap,  UlUminatin^en)  diffusely  from  t^^^  '  * 

edges  of  the  cards  are  very  sharp  and  precisely  parallel*  a  thiq  black  line 
*  can  be  produced  by  bringing  the  cards  very  close  together  ^at  Will  the 
,  retinal  iimgc  Icfdk  like  in  this  situation? '  C 
We  canTind  thv  answer  by  adding  together  the      edgr^dienti,  • 
discussed  earlier,  as  shown  in  Figure  3.  Here  it  will  be  soeti  the- 
closer  toge|l^er  the  cards  and  therefore  thp  ^vrower  the  iutc,  the  tower 
the  contrast  on  the  retina  between  the  Mumination  at  thr^nteVof  Ithe;^ 
retinal  imi^e  of  the  line  and  that  of  Uw  unifommibas  flanking  it*  the'  ' 
.  retinal  contrast  produced  by  lines  of  various  ^ths  is«shown  in  Figuii  4. 
We  can  now  see  that  4hen  we  «w^oncefikd  with  the  vi^n1>f^fine 
lines  of  high  physical  contrast,  we  are«  nevertheless,  deatjng  wtth  low  ret* 
4  tnal  contrast.  The  same  is  true  for  more  complex  forms.  SMch^  iettersr*  i 


ERLC 


98 


^  on  a  page,  that  are  built  up  from  flne  lin^^ 

There  are  two  basic-ways  to  increase  the  retinal  C( 
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'  leokiQi;  ai  a  lin^  target  Tlic  Hrst  (s to  increase  the  angle  subtended  by 
4he'ljne  ai  th^  eye*  Tliii^  Cd»  be  accomi^ishcd'by  making  the  line  wider, 
or  by  mot  uig  line  of  fixtd  width  cipser  to  the  Sye.  Incntrasing  the  ^  * 

;  width  of  ihe  tme  produces  an  effect  that  is  easily  seen  in  the  use  of 
boldface  type.  Boldface  looks  {ilacker  because  ntinal  contrast  is  higher, 

*  although  the  objectivii^  contrast  isihe  same  as  for  regular  type  (prodi)ced 
with  the  same  ink).  The  s^cood  way  to  mcaasJ  retinal  contrast  is  to  in-  * 

:\fease  the  inherent  contrast  of  the  line  with  respect  to  its  (background. 
This  can  be  done  by  inaking  the  page  whiter  or  the  ink  bla^^fcer  But  ^ 
mosi  itiks  are' black  enough  so  that,  eveh  ifjhey  could  be  caused  to  have 
zero  itenectaf.ee,  the  contrast  gain  would  be  wlher  small:  A  ipuch  greater 
gain  aan  be  had  by.  making  the  line  wider.  Nt^Vrtheless.  the  mherentty 
low  contrast  of  if  ch«ap  paperback  book  causevi  by^  small^^pe.  low* 

flee tance. paper.  a'Hd  ptw  comirol  of  the  width  and  reflecvtance  o)  the 
latttrt  will  result  in  a  noticeable  loss  of  retinal  contrast  and  consequent 


t  V\Qim  J  Retinal  Ulumm^ncv  ptodutW  by  complrlcly  hUxM  Iwns  of  the  widths  tndtiilcd. 
'  VWJI  afaifiM  J  bfight  dackgioond  (doUcd  vuivcM  TTic  mrvc  fot  a  l  m%n  lirw  has  been  denvcd  by 

«4d)i^  ibc  dittnbtttiOfi5  of  the  iwo  cdft%  "Oiown  by  the  «)lid  \m  Ihc  oihct  doucd  iurvc*  wcit 
../imilxfly  nofiMfucled  by  movtnK  fht  ed^t  gfadiefiu  cJo^ci  lo^lhcr  w  failhcr  spm  than  lite 

diilajKc  «ho«ii. 
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^      ViXwl  An^If  5t*tf  ryj^y  G«rfc  Lift*  (Min.) 

MGURI  4.  log  percent  ftUnalconUastmcamred  as  sfufKdon  of  log  vitualanjile  (in  ^ 
of  ifi;}  from  J«U  of  IkMoU*^  and  Weifheimet  ani  6fanpbell^^  Data  art  from  the  st^er  eye 
^  ,i;open  circlfei)  and  human  cy6  (dots).  Replotted  from  Boynton.  ^ 
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redtiction  of  visibility.  The  bizarre  inks  and  backgrounds  now  used/ol 
artistic  purposes  in  some  popular  magazines  sometimes  produce  very  * 
Ipw  physical  and^  retinal  contrasts  and  can  thus  be  very  difficult  to  read. 

Despite  the  low  retinal  contrasts  that  fine  lines  produce,  Mixability' 
to  resolve  such  linr s  is  remarkable.  ^Jnder  optimal  conditions/a  good  . 
observer  can  detect  a  line  that  subtends  only  1/2  sec  of  arc,  which 
corresponds  to  seeing  a  wire  only  1/16  in.  in^iameter  at  a  distance  of 
\fl  mdel  Extrapolating  from  Figure  4,* it  can  be  estimated  tljal  that*co^ 
fesponi^  to  a  retinal  contrast  of  lens  than  0«01%,4ind  that  is  based  onian 
illuminance  distribution  with  gradual  (sontours.  It  is  probable  that  the 
contrasts  plotted  in  Figure  4  are  too  low,  because  of  difficulties  of  ex- 
perimental measurement  in  both  experiments  and  the  double-traverse  of 


thc.l  gkt  througli  the  c>c  in  the  humaiT  measurements.  But  liven  if  the 
retin  il  ifontrasts  were  as  much  as  10  times  as  higli  as  tliis  figure  shows, 
-the  rptinal  contrast  at  thp  threshold  of  detection  is  still  very  iow. 


A  PRIORI  EXPECTATIONS  CONCERNING  RETINAL  MECHANISMS 

# 

From  the  foregoing,  it  should  be  cl^ar  that  one  of  the  most  critical  prob- 


that  the  visual  system  meets*  and  somehow  solves,  is  the  detection 
ry  low  contrastson  ^he  retina.  If  each  retinal  receptor  had  a  private 
vay  to  yie  brain,  then  very  small  differences  in  the  initial  signals  * 
iced  in  adjacent  or  nearby  receptojb  would  require  preservation  all 


volv 
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lems 
of  vc 
path 
prod 

the  yay  I9  the  brain  for  the  difference  to  be  discriminated  there^  Be- 
causi  noise  is^inevitably  mtroduced  in  each^stage  of  any  infonnation- 
trani mission  system,  including  a  biologic  one,  a  small  difference  would 
undc  ubtedly  be  obscured  by  noise  by  the  time  the  original  activity  ex- 
pressed itself  in4he  brain.  For  this  reason,  we  would  expect  a  priori  to 
find  neural  mechanisms  to  detect  and  augment  the  differences  in  signal 


strergthsf^near  the  receptors.  Furthermore,  it  would  seem  helpful  to  in- 


a  large  population  of  reccpt^ors  to  increase  the  statistical  reliabilit> 


of  the  difference.  That  the  detectability  of  a  line  offixed  width  has  been 
found  to  be  critically  dependent  on  its  length  suggests  that  this  is  so. 


CONTRAST  DETECTION  AND  LIGHT  INTENSITY 

Alth  xigh  retinal  contrast  does  not  depend  on  lighi  mtenslty,  the  thresh- 
old c  f  detectable  contrast  does.  We  are  all  familiar  with  this  from  every- 
day cxperience.^The  physical  contrast'  provided  by,  say,  a  newspaper 
depends  only  on  the  reflectances  of  the  pj^per  and  ink  used,  and  not  on 
the  hvel  of  il!un\inatioaof  the  ne\i;spaper,  nevertheless,  we  know  per- 
fecti/  well  that  it  is  difficuU  to  read  the  fine  print  in  dim  light,  apd 
under  sfill  less  liivoruble  conditions^  for  example,  under  the  fight  o^the 
moon-only  the'Jargcst  headlines  can  be  resolved. 

Tlie  most  extensive  data  related  to  this  matter  have  been  concerned 
withjthe  detection  of  circular  patches  of  liglit  against  a  uniform  back- 
ground of  variable  luminance.  When  the  test  spot  is  very  small,  the  task 
has  nuch  in  common  with  what  is  involved  in  the  resolut     of  fine  de- 
taih  From  extensive  data  collected  by  Blackwell  and  McCreody,"*  I  have 
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selected  the  values  shown  in  Figure  5.  A  test  spot  subtending  onJy  I  min 
of  visual  angle  andjasting  for  only  1  msec  was  used.  Tlie  function  la- 
beled AA/Z.  shows  that  the  contrast  required  just  to  see  the  test  spot 
drops  from  more  than  10007?  at  Uie  lowest  luminance  used  to  slightly 
more  than  1%  at  the  highest. 

The  same  data  can  be  plotted  in  another  way.  The  curve  labeled  AL 
shows  the  just-visibje  (threshold)  increment  of  luminance  provide^by 
the  test  spot.  At  very  low  levels,  this  threshold  increment  is  indepei^^lent 
of  background  luminance  over  a  range  of  luminances  that,  although  very 
dim,  allow  distinct  visibility.  As  the  log  of  back^ound  luminance  (in 
footlambt^rts)  is  increased  to  more  than  -2,  the  threshold  rises-^slowly  / 
at  first,  accelerating  gradually,  and  finally  approaching  a  unit  slope  (cor- 
responding to  a  AL/L  slope  of  nearly  zero),  / 

Many  other  detectors  of  contrast,  such  as  photographic  plates  ar)^ 
television  pis:kup  tubes,  behave  somewhat  similarly.  Like  the  eye,y^hey 


Log  L  (Footlambcrts) 


HCURl  5  Contract  ihrciholdi  (AL/O  as  a  functton  of  log  background  luminance,  for  a  l-min  spot 
c\po  ►cd  for  1  msec  <dala  from  Black  well  and  McCrcady**).  Also  .shown  is  the  corresponding  curve  for  tht 
increment  threshold.  A/ .  lot  this  curve,  the  values  on  the  ordinate  ^te  in  log  fl.  The  dashed  curve  shows 
ihc  predicted  behavior  of  an  ideal  detector. 
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pcrlorm  bettor  when  there  is  moie  light.  Ideal  detectors  also  behave  this 
way.  as  the  numbers  of  photons  increase^so  does  the  statistical  ^rvidence 
available  to  discriminate  an  increment  from  its  background^  The  dotted 
line  in  Figure  5  shows  what  is  predicted  for  the  AL  curve  of  the  ideal 
'ti^rt^tor.  This  line  has  a  slope  pf  exactly  0,5  and  may  be  extended  in- 
definitely in  both  directions.    !  •  >. " 

This  comparison  shows  that  ihe  eye  is  not  aa ideal  detector.  For  the 
conditions  shpwn  in  Figure  5,  in  which  a  very  small  and  brief  test  spot  J 
was  used,  optimal  performance  is  achieved  at  a  log  background  luminance 
of  about  0.5.  At  luminances  66th  below  and  above  that,  mpre  light  is 
required  in  the  increment  spot  than  the  ideal-detector  model  would  prjj- 
dict.  At  low  levels,  this  has  most  often  been  explained  by  postulating  an 
intrinsic  noise  of  the  retina.  It  causes  a  minimal  value  of  AL  to  be  reached 
(about  7  n  in  this  case)  at  low  background  levels;  the  value  would  be  the 
same  in  total  darknets.  In  other  words,  this  much  luminance  is  required 
for  the  test  spot  to  pVoduce  a  signal  in  the  visual  system  that  can  be  dis- 
criminated from  random  backgroujid  activity  that  exists  in  total  dark- 
ness.'^t  high  background  levels,  the  eye  is  also  responding  less  efficiently 
than  a  might,  probably  because  of  the  influence  of  various  adaptive 
mechanisms  whose  function  is  to  prevent  saturation  of  the  signals  being 
transmitted  through  the  visual  system.* 


RETINAL  CONTRAST  VERSUS  SUBJECTIVE  CONTRAST 

One  further  psychophysical  observation  bears  reporiing>efore  we  turn 
to  physiologic  mechanisms:  the.highly  nonlinear  relationship  batween 
retinal  contrast  and  its  visual  effects. 

^  This  relationship  is  most  easily  examined  in  a  large  bipartite  field, 
where  physical  contrast  and  retinal  contrast  are  essentially  the  same. 
The  nonlinearity  first  expresses  itself  iii  the  fact  that,  for  very  low^objec- 
tive  contrasts,  no.  border  is  seen.  With  further  increases  in  contrast,  the 
border  ^ill  becom*c  visible,  and  subjective  contrast  will  then  increase 
very  rapidly  at  first*  and  then  more  slowly.  For  an  objective  contrast  of 
more  than  20^?  or  JO'X,  the  border  between  the  half-fields  ha:i  already 
become  so  vivid  and  distinct  that  .subjective  contrast  will  not  increase 

*  »  •  - 

*l  urjhcf  mfornulion  on  (Iw  cffcvl  of  light  inlcnsily  on  tonlrasi  delct-lion  <,an  be  found  m  , 
•papers  b>  Joncs,'^-'^  Harlow.'  and  Kushlon.^"  whidi  also  conlain  additional  rcfcicnccv. 
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much  furtlier,  further  increases  in  physical  contrast  produce  only  very 
small  additipnal  increase^^/flTsubjecti^e  contrast.  We  have  attempted  to 
measure  this  in  the  laboratory,  using  psychologic  scaling  methods.  It  is 
most  difficult,  because  the  observer  cannot  ignore  brightness  differences 


that  are  needed  to  produce,  and  therefore  are  cortpfated  with,  physic;|l 
contrast.  Figure  6  is  a  schematic  representation  of  the  relationship  be-  ' 
tw^en  objective  and  subjective  contrast.  ^  .  ^  . 

A  more  objective  way  to  demonstrate  this  relationship  is  to  make 
some  measurements  of  visual  performance  as  a  function  of  contrast.  / 
Some  years  ago,  we  measured  the  ability  of  observers  to  seek  out  and 
recognize  complex  critical  targets  presented  against  a  background  of 
.ftseudo-targets.  Figure  7  shows  that  the  main  improvement'in  visual  per- 
formance is  associated  with  the  lower  range  of  physical  contr;ists. 
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•        FIGURE  7  Percentage  con«it  target  identification  by  five  subjects,  in  a  ^  ^ 

complex  search  taslj,  as  a  function,  of  the  contrast  bejtween  the  s^muH  ^  ^   "  ^ 
searched  and  the  background  against  ^hich  they  were  pjcsented^Rcprinted 
ftom  Boyntdn  and  tJush.^)  ^  \  '  "  *  •  '  * 

RETINAL  ANAWMY. 

We  will  now  review  iome  of  the  evidence  that  cleariy/tells  ug  that  the  '  , , 
outputs  from  the  retir  al  recdptors  became  higlily  interconnected  as  in- 
formation IS  processed  in  the  retina.  '  '        '        .  « 

Consider  first  the  ojiatomy  of  the  retina.  In  the  human  eye,  there  are 
about  125  times  as  many  receptors <rods  apd  cones)  as  optic  nerve  fibers. 
Such  convergence  constitutes  one  basic  form  of  retinal  neur<il  ihteraction, 
and  it  is  a  principal  determinant  of  the^utnmativij'receptive  field.  If 
many  receptors  feed  information  to  me  same  optic  nerve  fiber,  the  re- 
sults of  feeble  excitati^on  in  the  individual  receptors  (each  too  weak  to 
evoke  sensation)  can  s^mmatc,  Vastly  ikiproVing  the  probability  that  in- 
fonnation  will  bl^  deliyere.d  to  the  optiu  nerve' fiber  and  tHenCe  to  the  . 
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brain.  That  is  accomplished,  ^evcr.  at  a  sacrifice  of  visual  revolving 
power.  ■  •  \J        .  ' 

Convergence  is  very  nonunifonn  and  depends  greatly  on  the  part  of 
the  retina  stimulated.  In  the  peripheral  retina,  many  thousands  of 
receptors  deliver  their  outputs,  via  the  intermediary  bipolar  cells,  to  a 
single  ganglion  cell,  the  central  retina  is  very  differently  organized. 
When  we  fixate  on  a  stimuKis,  we  move  our  eyes  to  place  its  image  in  a 
h?gl)ly  specialized  region  of  the  retina,  the  fovea  centralis.  Only.cone 
receptofs  are  found  4n  this  r^n,  and  it  is  here  that  our  visual  acuity  is 
by  far  the  best.  The  convergemTe  ratio  in  the  fovea  is  about  unity.  This 
has  sqmetinies  been  interpreted  to  mean  that  each  foveal  receptor  has  a 
■  private  pathway  to  the  brain.  That  is  a  mistaken  conception;  on  the 
basis  of  the  arguments  presented  above,  we  would  not  expect  such.pri- 
vifte  pathways,  and  the  direct  evidence  now  to  be  reviewed  shows  that 
.    ^  we  do  no.t  find  them. 

Anatomic  evidence  shows  many  interconnections  among  the  retinal 
pathways,  infcluding  thbsc  which  begin  in  the  fovea.  On  the  basis  of  light 
microscopy,  it  has  long  been  known  that,  in  addition  to  convergence 
•where  it  occurs,  the  human  retina  is  rjchlymjpplied  with  cells  that  do 
not  appear  to  be  involved  in  the  direct  transfer  of  information  from 
receptor  to  bipolar  tb  ganglion  cell  (the  classical  visual. pathway  m  the 
retina),, but  that  seern  to'exist  specifically  to  provide  lateral  interconnec- 
,  ^tions  between  thejieurons  of  the  basic  pathways.  An  excellent  notionof 
this  may  be  gleaned  by  exaniinatjon  of  Figure  8,  a  scheunatlc  diagram  of 
the  retinal  connec'tions,  based  heavily  on  repent' evid.ence  provided  by 
electron  microscopy.  Note  tharthere  are  tvyo  classes  oCcells  that  pro- 
vide lateral  interconnections.'  Horizontal  cells  (H)  ibterconnect  the  rod 
and  cone  rec.eptors;  they  are  believed  to  receive  infonnation  from  and 
feed  it  back  into  the  receptors.  Deeper  in  the  retifta,  amacrine  cells  (A) 
interconnect  bipolar  and  ganglion  cells;  they^re  also  interconnected  with 
one  another  and  thus  have  the  pote'ntial  to  carry  information  over  very 
lon^g  lateral  distances  in  the  retinji.  The  receptors  .themselves  are  also  in» 
intimate  contact,  with  so-called  tight  junctions  between  rods  and  cones 
and  betwt^cn  cones  and  con'es.  » 
Tlie  details  of  retinal  anatomy  vary  from  one  species  to  another,  but  . 
•    all  eyes  fhat  have  been  studied  so.far  have  sufficient  lateral  connections 
to  produce  substantial  lateral  interaction  effects.  The  list  includes  the 
lowly  horseshoe  cfab,  Limulus,  long  a  favorite  specimen  for  visual  in- 
vestigatiop.  This  animal  has  a  faceted,  compound  eye^each  ommatidium 
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FIGURC  8  Summaty  diagram  of  the  jntcrconnoctiuns  among  the  neural  teiU  in  the  retma.  A.  amacnnc» 
H,  hon2orttaK  C.  tone,  R,  tod,  MB.  midget  bipoi«u,  KB,  rod  bipulat*  1  B,  flat  bipolar,  MG,  nitdget  ganglion, 
DC,  diffuse  ganglion.  (Reprinted  with  permission  from  Dowlingaod  Boycott,^) 
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connects  primarily  to  a  single  optic  nerve  fiber.  Hartline  first  chose  it, 
many  years  ago,  because  he  believed  it  to  be  free  of  complicating  lateral 
' '  interconnections.  But  he  and  Ratliff^  liave  since  shown  that  a  lateral 
plexus  of  fibers  exist  that  interconnect  the  pathways,  and  furthermore 
that  these  connections  have  an  exclusively  inhibitory  function.  This 
work,-described  in  detail  in  RatlifFs  finQ  book,  /^lach  Bands^'^  provides 
«      some  of  the  clearest  available  illustrations  demonstrating  that  these  inter- 
connections provide  a  neural  mechanism  for  contrast  enhancement. 


INHIBITOR  Y  MECHANISM  IN  LlMULUS 

'        •      An  experimSntal  arraiigemcnt  of  Hartline  and  JRjttliff,^  using  the  eye  of 
Limulu^y  is  shown  in  Figure  9.  Light  A  can  stimulate  only  ommatidium 
In  the  absence  of  other  stimulation,  this  produces  a  particular  frequency 
of  firing  in  the  optic  nerve  fiber  A.  Ljglit  B  stimulates  only  ommatidium 
B  and  produces  a  particular  rate  of  discharge  in  fiber  B.  Suppose  that, 
with  light  A  turneJ  on  at  its  original  intensity,  a  light  stimulus  to  B  is 
provided  also.  At  a  very  low  intensity  of  stimulation  of  B,  the  result  will 
be  na  firing  of  fiber  B,  and  no  effect  on  the  firing  rale  of  fiber  A.  But,  as 
the  intensity ^f  stimulus  B  is  gradually  increased,  fiber  B  begins  to  fire. 
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As  shown  in  the  lower  graph  of  Figure  10,  this  aetivity  iafioer  B  is  asso- 
ciated with  a  decrease  in  the  frequency  of  firing  in  fiber  A,  which  is  still 
being  directly  activated  only  by  the  originaHight  intensity  delivered  to 
ominatidium  A.*U  turns  out,  that,  once  some  threshold  frequency  is 
reai^hed,  the  inhibitory  effect  ofB  (as  measured  by  the  decrease  in  fre- 
quency of  firing  in  fiber  A)  is  linearly  related  to  the  frequency  of  firing 
of  fiber  B.  It  is  therefore  concluded  that  the  B  system  is  doing  the  in- 
hibiting, with  tlic  strength  of  the  inhibition  depending  on  tlte  rate  of 
activity  in  the  B  fiber.  Tjie  experiment  can  also  be  done  the  other  way; 
around,  and  it  is  found  that  activity  in  fiber  A  produces  a  reciprocal  in- 
hibitory effect  on  the  normal  firing  of  fiber  B  (upper  graph  of  Figure  10). 

Tlie  nature  of  the  inhibitoiy  effect  depends  also  on  the  distance  be- 
tween the  ommatidia  being  stimulated.  In  Figure  1 1,  inhibitory  effects 
are  mc^isured  in  turn  from  fibers  B  and  C,  in  response  to  variable  intensi- 
ties of  illumination  of  ommatidium  A,  the  Uflcr  leading  to  a  variable  * 
frequency  of  response  in  fiber  A,  as  sliown  on  the  abscissa.  During  re- 
(t^ofding.from  fiber  B,  no  inhibition  occurs  until  there  are  about  five  im- 
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FIGURt  1 1  axpcrinwnt  to 
show  inhtbition  of  activity  in 
ftbcf  A,  produced  by  nearby 
stimulation  at  B  and  more 
remote  stimulation  at  C. 
(Reprinted  with  permission 
fromRatliffJ'')  • 


pulses  per  sctond  in  uocr  A,  inhibiUin  then  ri5>es  rather  steeply  with 
increasing  fretiucncies*  of  A.  During  recording  from  fiber  C,  which  is  more 
remote  from  A  than  is  B,  the  threshold  is  reached  at  much  higher  firing^ 
levels  in  A  (nwrl>  20  impulses  per  second),  and  mhibition  increases  more 
gradually  than  for  fiber  B.  '  , 

It  is  to  be  emphasi2ed  that  \^  inhibitory  action  Associated  with  a 
particular  system,  such  as  the  A  system  of  the  previous  example,  de- 
pends onty  on  the  frequency  of  response  of  that  system,  without  regard 
to  how  the  frequency  wasV^^d^ced.  An  interesting  example  of  this  is 
an  experiment  on  disinhibition  shown  in  Uigure  12.  Here,  three  stimulus 
fields  A,  B,  andC  are  used,  with  recordings  taken  from  fibers  A  and  B. 
Stimulation  of  A  alone  produces  an  intermediate  discharge  rate,  shown 
on  the  left  side  of  the  bottom  record.  Field  C,  at  the  intensity  used,  is 
too  far  from  A  to  have  any  effect,  as  shown  in  the  middle  part  of  the 
lower  record  when  C  is  turned  on,  the  frequency  of  discharge  in  A  con- 
tinues much  as  before.  Tlie  left  side  of  the  upper  record  shows  what 
happens  when  ommatidium  B  is.stimulated  along  with  ommatidium  A. 
The  stimulus  to  B  is  strong  enough  to  produce  a  high  frequency  of  dis- 
^  charge  in  ommatidium  B,  which  in  turn  is  associated  with  a  marked  in* 

hibition  of  the  firing  rate  in  A.  If  field  C  is  turned  on,  it  produees  a 
marked  inhibition  of  fiber  B,  as  reflected  in  the  middle  part  oP'the  upper- 
most record.  Tiiis  reduction  inlhe  response  rate  of  fiber  B  releases  in 
turn  some  of  the  original  inhibitory  effect  of  B  on  A,  as  revealed  by  the 
I       lact  that,  while  field  C  is  tumeu  on,  the  response  tq  A  incre;»ses. 
^  Note  that  thelnt^'nsity  of  Jst«mulation  of  B  has  not  been  varied  in  this  , 
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exaitvplc.  The  response  to  a  lixcd  inlcnsu>  ul  stnnnlalion  of  B  has  been 
modified  by  the  action  of  C  llie  same  effect  could  have  Ken  produced 
simply  b>  reducing  the  inlensit>  of  stimulation  ot  B,  Tins  example  mdi- 
eates  that  it  is  the  respotnc  to  B  that  is  the  simplest  variable  to  consider 
in  predicting  the  inhibitory  action  of  B  on  A,  rather  than  the  tnunstix 
of  the  stmuilus  to  B 

V\s  stated  previously,  Uiese  inhibitor>^  interactions  arejcciprocil  If  A 
inhibits  B.  then  B  also  inhibits  A.  But  the  inhibitory  action  of  B  on  A  is 
less,  because  of  its  inhibition  by  A,  than  it  uould  buotherwise  and  so 
oiv  (  onsequently,  mhibitcirj  Jk-lationships  th^t  are  relatively  easy  to 
understand  in  terms  pf  response  rate  become  difficult  to  calculate  on 
the  basis  of  simuilus  intensity  patterns  alone  I  he  equations  required  to  ^ 
do  thi>  liave  been  worked  out  by  Ratliff,  ant]  their  predictions  have  ^ 
been  tested  in  direct  experiments.  In  one  such  experiment,  Harthne  and 
RathlT'  were  able  to  show  clearly  that  neural  gradient  are  sharpened 
and  enhanced  by  the  inhibitory  pro^^eVs.  Moreover,  the  subjective  phe- 
nomena of  Mach  bands  found  in  human  observers,  can  be  accounted  . 
for  quantitatively  in  terms  of  the  inhibitory  relationships  worked  out  m 
Limulus  (see  Fij^ure  1 3>  This  is  very  important  because  it  strongly  sug- 
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fuw  *mi>  wiK  ummaiidium  liMm  ^Ihim:  *»pUw  fttnc  Sibct  ihc  io.AiJv  *i?ft  Ukcn  The  sUina!u"i 
\^AS  a  ymp.  haung  4  iMthi  Ji^uibuUvm    •►h*>Hn  m  I  he  mvci.  m  >»^  Jaitsaii>  ahov^  Ihc  ommk 

j.>jt»clMKi  ihc  l«vkYi  rcv«jiil  ubtainciJ>  Nate  ihc  cvlJcnvc  m(  ♦Aci>hi>ol*#/id  undcixhool  ntat 
ihc  lup  un'i  K>aum  oi  ihc  vuivi.  Tfus  i.*'Uc>p<jnd^  tiKi>iHI>  »i>  <h«  «ipi[>cAfankC  of  Mji».h  b^nds  by 


gcsiN  ih  It  thv  Rinds  ut'  inhibitor)  effects  found  in  Limulus  also  occur  in 
the  human  retina.  *  * 
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RECEPTIVE  FIELDS  AND  ^RIGGER  FEATURES 

In  addition  to  the  purely  summative  types  ol  receptive  fields  already 
mentioned,  which  arc  found  in  the  dark  adapted  eye,  much  more  com- 
plex arrangements  are  typical  in  warm  blooded  vertebrates.  Figure  14 
shows  one  example.  A  microelcctrode  is  plungeu  into  }he  cat  retina 
througli  the  front  of  the  eye  and  is  in  contact  with  a  single  retinal 
ganglion  well  whose  axon  forms  an  optic  nerve  fiber  The  experimental 
arrangement  allows  light  spots  to  be  Hashed  on  and  off  in  various  parts 
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ul  Ihc  Visual  iiclii  A  ^cnU^]  jum  jn  lound  whtrt  Uic  onn^t  oi  u  li^lil  • 
^pot  produ^*^  art  ui«.rcaHd  din  har^c  in  Ihc  ganglion  well  (an  on  re- 
ipunscK  whcrvav^ihc  Umimg  oil. of  the  light  yields  no  fop«.inM:'  InJhc 
hori/ontallv  shaded  area  %h».mn  swrroundiniJ  ti.  hotli  un  auii  ui  t  re- 
sponscs  are  obtained  In  the  outer  field  (diagonally  >haded),  unK  oi  * 
diseharpei?<,caitl?c  r^xorded.    ,  •  ^ 

This  aitan^iement  ot  an  excitatory  ecnter  Held  and  inhibitory  sur* 
ratuiding  tield  hxs  beJn  lound  m  many  other  experiments  Hhe  exvita- 
lion-inhibition  relationship  u  otlen  reversed. >  In  the  warm  hlouded  # 
vertebrate*  unhlce'*Z/mii/;is.  ti  is  lound  that  the  retina!  ganglion  ^.elN^fe' 
spond  at  a  modest  rate,  even  ii^the  absence  of  light  stinuilalion  lbus> 
inhibition  ean  also  fcveal'itself  as  a  reduction  in  the  resting  rJite  at  re 
sponse  during  i  period  ot  prolonged  stimulation 

In  the  Irog,  leltvin  c(  al    were  the  first  to  show  that  a  sjngle  g^n- 
ghon  cell  responds  to  remarkably  spei.HK  Itigiier  tealures  o|  the  slimu 
b's,  depending  on  the  eel!  recorded  from  In  some  wases,  for  example,  a 
unit  will  rt?spgnd  well  only  tu  icnuev  dJrk  spots  mo^mg  in  very  parlieu- 
bf  ways,  and  to  po  othei  stimulus  Vs  Letlvin  c7  al  refnark,  ii  is  tempt- 
ing  to  call  suvii  4  'iiH'uiah/ed  «ml  a  "bug  detector    More  rectutly  ,  the 
name  "trij^t^cr  feature*'  )u\  become  as'-ai:kUiid  %Mth'-Ute  peeahar>  iom*  , 
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plc\  j^pcvts  ol  a  visual  stunulus  that  afc  often  found  necessary  to  trig- 
ger activity  m  a  sini^le  unit  in  tiK  retnia  or  higher  visual  center. 

Trigger  features  hav^?  been  examined  in  detail  in  the  primate  visual 
*.orte\»  especially  b>  Hubel  and  Wiesel  in  a  long  series  of  experiments 
<see  Hubel'* )  Although  consideration  of  the  cortex  is  outside  the 
bv  ^uidarics  of  this  presentation*  it  <s  significant  to  note  that  the  center- 
surround  relationships jlhat  are  found  when  recording  from  primate  cor- 
tical celN  are  nearly  rectangular,  rather  than  circularly  organized.  These 
cells  are  often  most  sensitive  to  moving  hues,  and  typically  are  diree- 
tionall)  sensitive.  In  the  optic  aerv'e  fibers  of  spider  monkeys,  onjy  the 
voncentric  on  oi  i .  center-surround  arrangement  was  found  at  this 
level  of  the  primate  visual  system. . 

Directionalh  sensitive  units  have  been  found  m  the  retina  of  the 
rabbit  by  Barlow  and  Levici;^  Some  of  the  results  ffom  one  of  their 
evpertments  are  shown  m  Figure  i  5,  A  black  edge  is* caused  to*move  " 
'across  an  illuminated  slit  When  the  4^t  width  subtends  34  mm,  the 
directional  effect  is.very  clear  When^the  slit  is  closing  in  a  preferred  , 
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on  (frgm  top  to  bottom,  as  showVi  on  the  left 'side  of  the  figure), 
inal  ganglion  cell  under  investigation  responds  with  a  vigorous 
ON-bi|r*>t.  But  when  the  experiment  is  repeated  exactly,  except  that  the 
slit  closes  from  bottom  to  top,  only  a  very  weak  response  is  recorded. 
When  the  slit  width  is  only  8  min,  no  significant  directional  effect  is  ob* 
taincc .  This  suggests  that  the  directionally  sensitive  mechanism  must  be 
conta  ned  in  a  larger  retinal  region.  These  investigators  have  done  a  good 
deal  of  speculation  about  the  retinal  interconnections  responsible  for 
such  behavior,  the  horizontal  cells  of  the  retina  have  an  important  role 
to  play  in  their  schema.  It  should  be  emphasized  that  the  temporal  char- 
acteri;;tics  of  retinal  responses  are  critical  in  such  a  system.  These  have 
been  investigated  in  some  detajl  in  further  work  of  Barlov*  and  Levick, 
as  well  as  in  Limulus  by  Ratliff. 

The  electrophysiologic  work  carried  out  to  date  has  consistently  in- 
volve(  the  use  of  very-high-contrast  visual  stimulation.  It  is  not  easy  to 
the  psychophysical  results  described  in  tl\e  first  part  of  this  pre- 
ion  to  the  electrophysiologic  data  discussed  in  the  last.  The  work 
iline  tiiid  Ratliff  is  clearly  the  most  relevant  in  a  formal  sense,  in 
deals  explkitly  with  vontours  and  shows  how  the  visual  nervous 
systerji  can  operate'^to  enhance  them.  Although  it  is  a  long  way  from 
Limulus  to  man,  there  is  strongly  suggestive  evidence  that  similar  mech- 
anisms operate  in  the  human  eye. 

It  lias  perhaps  not  been  emphasized  enough  that  these  inhibitory 
mech  inisms  appear,  on  the  basis  of  both  behavioral  and  electrophysio- 
logic evidence  in  vertebrates,  to  be  specific  to  the  light-adapted  eye.  In 
the  dirk -adapted  state,  in  which  the  task  of  the  eye  is  to  gather  as  many 
photvns  as  possible,  receptive  fields  are  purely  excitatory.  When  mpre 
light    available,  the  inhibitory  mechanisms  come  into  play,  and  they 
are  clearly  implitatcd  as  mechanisms  of  contrast  enhancement  that  help 
in  the  perception  of  fine  detail. 
< 

I  wish  lo  tliank  Tlumiaii  R.  Corwin  for  his  vntical  reading  uf  this  manuscript. 
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DISCUSSION 


DR.  BOY  NTON .  I  hopc  that  this  story  has  left  the  correct  impression  that  the 
business  of  dissecting  the  retinal  image,  generating  the  neurologic  code,  and  then 
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,  transmitting  this  information  to  Ihe  brain  is  not  a  set  of  passive  mechanisms.  The 

.  cd&c  is  related  to  what  has  adaptive  significance  tOithe  organism,  and  at  many 
points  along  the  way  a  very  subtle  difficulty  with  the  pathways  involved  could 
conceivably' result  in  improper  functiofiing  of  these  mechanisms. 

DR.  LINDSLEY.  I  am  glad  that  Dr.  Boynton  brought  up  the  spatial  relatiooship  of 
interaction  within  the  retina.  There  is  another  important  complexity,  the  tem- 
poral relationship  of  the  stimuli.  D.  N.  Robinson  (Science  156.1263-1264^  1967) 
recently  noted  that  the  response  of  the  eye  to  a  second  flash  was  masked,  pre- 
sumably through  lateral  inhibition,  by  what  was  contained  in  the  first  fla^h.  He 
noted  that  a  third  flash,  like  your  spatial  elements  in  a  section,  would  mask  the 
second  one  in  the  same  way  that  the  second  was  masking  the  first.  Thus,  on  the 
te/nporal'side,  there  are  phenomena  somewhat  similar  to  those  outthe  spatial 
sitle.  This  adds  another  element  of  complexity. 

Where  reading  difficulties  are  concerned,  it  miglit  be  better  to  focus  on 
temporal  than  on  spatial  contrast.  You  can,  in  fact,  combine  them,  that  is,  you 
can  give  stimuli  both  in  sequence  and  separated  in  space.^n  the  basis  of  what  wg 
know  ablaut  lateral  inhibition  of  the  retina,  there  is  a  reason*  for  what  occurs  be- 
tween 60  and  90  days  of  age  in  an  infant,  as  Robert  Fantz  shows  (see  p.  351) 
using  a  series  of  concentric  circles  or  checkerboards.  Why  should  concen  trie 
circles  have  a  specific  effect?      \  ^  ,  • 

DR.  BOYNTON:  As  far  as  I  know,  there  is  no  explanation. 

DR.  SCHUBERT.  In  connection  with  perception  of  printed  symbols,  contrast 
would  depend  on  illumination,  and  a  number  of  figures  are  given  by  authorities 
as  to  how  much  light  you  need  on  the  printed  page.  There  is  no  Consensus  in  this 
regard.  How  many  footcandles  are  needed?  Can  any  of  the  participants  offer 
data  concerning  the  contrast  that-is  desirable  in  enhancingJegibility? 

DR,  BOYNTON.  There  isa'problenipf  dcQnition  that  might  be  worth  clearing  up. 
Wheal  used  the  term  "contrast,''  [referred  specifically  to  the  physical,  objective 
definition,  the  difference  \\\  luminance  between  two  areas  divided  by  the  lumi- 
nance of  the  larger  of  these  two  areas.  Physical  contrast  so  defined  is  indepen- 
dent of  the  illumination  on  a  reflecting  target,  siich  as  a  letter  ^n  a  page.  The 
subjective  ^'contrast''  associated  wifli  this,  however,  is  critically  dependent  on 
illumination  level,  aridit  increases  with  iijcreasing  illumination.  There  are  prob- 
ably dozens  of  mcchanisins  involved  in  thistlistinction, 

As  to  what  constitutes  a  proi)COMevcl  of  illuniinatioi^^  ftcl  .that,jM^ite  of 
all  the  arguments  and  all  the  research. -we  do  not  know^cxactly  what  docs  con- 
stitute a  proper  illumination  level.  Obviously,  it  depends  on  the  inherent  con- 

^  trast  and  <uq  of  the  material  being  viewed,  what  is  being  looked  at,  and  why. 
Blackwell  (J.  Opt.  Soc.  Anier.  36.624-643, 1946),  on  the  basis  of  an  extensive 
scries  of  investigations  at  Ohio  State  University,  has  come  up  with  .i  set  of  figures 
that  have  generated  a  good  deal  of  controversy. 

We  keep  learning  new  things.  I  was  very  impressed  with  whafOi.  Young  said 
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concerning  the  effect  of  low  levels  of  illumina%n  on  the  development  of  my- 
opia, which  is  ascrijbed  to  a  great  deal  of  activity  in  the  accommodative  mech-. 
inisrns.  If  the  illun^ination  level  is  high,  th^  depth  of  field  of  the  eye  is  increased 
bv'cause  the  pupil  is  reduced.  For  this  aitd  probably  other  reasons,  less  accommo- 
Slatibn    requited  at  high  illumination  levels,  Thus,  there  is  now  some  evijdcnce 
that  tends.to  support  the  admonition,  "Don't  read  in  dim  light  or  you'irruiif 
your  ey^s"~somethini  my  mother  used  to  say  to  me.  Possibly,  she  was  porrel:t 
in  her  assumption.      this  is  the  first  evidence  that  I  know  of  to  support  this 
ojd  wives'  talc.  -        v  * 

DR.  BUSEji.  Concerning  the  degree  of  retinal  mhibition:  to  effect  that,  the  retina 
IS  active  as  well  as  passive.  I  think  that  there  rnay  be  some  very  strong  evidence 
of  this.  Take,  for  example,  the  directiona|*sensitivity  cells,  which  are*activated 
preferentially  by  a-moving  light.  According  to  Barlow  and  Levic^,  special  struc* 
tures  are  very  numerous  in  the  retina  of  the  rabbit,  bi^the  cat  has  very  few;  I  do 
not  know  about  prlmatcsr.  | 
,DR.  BOYNTON.  I  Strongly  concur  that  this  is  true.  I  tried  to  pomt  out  that  there 
are  species  differences.  I  picked  Limulus  (oi  a  detailed  illustration  largely  in 
deference  to  historical  values:  it  was  the  Tirst  experimental  animal  in  which 
clearly  defined  retinal  interaction  mechanisms  were  demonstrated,  although 
many  workers  had  felt  for  many  years  that  they  must  be  present  in  the  human 
retina.  Only  within  the  last  15  years  or  so  have  they  been  found  physiologically 
in  any  animal,  let  alone  man.  Your  point  is  very  well  taken. 
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I  aip  going  to  discuss  some  recent  experiments  on  one  aspect  of  the 
cross-talk  between  the  two  eyes  in  what  I  &m  constantly  reminded  is 
thought  to  be  the  simplest  of  all  reflexes,  the  pupillary  reflex  to  light 
I  want  to  jpeak  about  binocular  cross-talk  in  this  "simple"  reflex,  as 
well  as  about  some  findings  on  a  disorder  of  perception-something 
not  associated  with  the  reading  problem  in  any  proper  sensp  of  the 
term,  but  an  interesting  perceptual  disorder  nonetheless.  '  . 

If  all  other  conditions  ^re  equal,  the  pupil  is  always  smaller  when 
both  retinas  are  illuminated  than  when  one  or  the  other  is  in  the  dark. 
Figure  1  shows  some  measurements  of  the  size  of  the  pupil  (n  a  junior 
medical  student  when  one  eye  was  in  the  dark  and  when  both  eyes 
were  illuminated  equally.  Note  that  in  the  binoculajr  case  the  pupil  is 
'  always  a  bit  smaller.  By  making  a  simple  downward  .displacement  of 
the  monpcul;^  curves,  one  can  g^t-a  fair  prediction  of  the  binocular 
datd»  •  /  >  '  ^  _  ^ 

'  This  is'  not  the  place  to  document  the  fact  that  the  obvious  sorts  of 
artifacts  that  might  account  fofJhis  resultr  fusional  movements,  ac- 
commodative Vnovcments,  and  so  oh  do  not  play  any  role  in  t|ie  results 
of  such  experiments.  Nor  do  I  need  to  describe  the  experiments  that 
show  that  it  does  not  matter  which  retina  is  illuminated;  both  pupils 
always'go  together. 
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FIGURE  1  Diameter  of  the 
pupil  of  the  left  eye  when 
both  retinas  are  equally  il< 
lumtnated  (dots)  and  whei^ 
(he  !eft  eye  Is  In  the  dark  'I 
(circles).  The  abscissa  scale  I  / 
in  each  instance  is  the  re'c 
inal  illuminance  (log  tro* 
lands)  of  the  rIglU  eye.  (Re* 
printed  with  permission 
frdi^  ten  Doesschate  and 
Alpcm.^) 


Figure  2  shows  the  nerve  pathways  Involved.  There  are  two  places 
in  the  cei^tral  nervous  system  that  separately  or  together  would  allow 
added  acft^ty  from  each  eye  to  pool  in  such  a  way  that  the  binocular 
process  produces  a  smaller  pupil  than  the  monocular.  The  places  are  at 
.  the  level  of  the  midbrain,  and  presumably  nothing  higher  than  the  mid- 
brain is  involved. 

The  experiments  illustratedin  Figure  3  allow  us  to  excludt  two  very 
simple  ways  in  which  the  pooling  might  occur.  We  might  assume  that 
the  nervous  system  responds  to  the  light  that  goes  to  the  left  eye  and 
adds  it,  as  though  the  same  light  had  been  given,  to  the  right  eye.  In 
this  figure,  the  dashed  line  is  the;predict^d  binocular  pupil  size  ac- 
cording to  this  hypothesis.  Clearly,  it  does  not  agree  at  all  witli  the 
meajjured  values  (circlcsj:  Fufthermore,  iht  nervous  system  does  not 
add  the  amount  of,contractions  of  the  pupillarj/  muscle.  The  solid  line 
in  the  figure;  shows  the  cxp*)ctcd  result  according  to  that  idea.  Simple 
addition,  either  of  lights  or  of  contractions,  is  an  inadequate  description 
of  the  results. 

Although  one  can  write  the  equations  for  this  effect,  the  physiology 
cqnnot  yet  be  said  to  be  well  understood.  In  the  process  of  striving  to 
build  a  reasonable  model.  Prof.  J.  ten  Doesschate  of  Urfecht  and 
stumbled  onto  something  that  might  be  of  interest.  We  borrowed  from 
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a  paper  by  Cooper  et  al '  f  appose  you  had  an  excitation  pool  (Figure 
4)  in  the  midbrain,  and  that  the  output  of  all  the  cells  was  determining 
the  size  of  the  pupil.  Suppose  that  everything  in  the  right  circle  were 
driven  by  the  right  retina  and  everything  in  the  left  circle  by  th^left 
retina.  (In  binocular  vision,  ofcour.se,  both  systems  respond.)  This  sort 
of  scheme  in  a  rough,  qualitative  way  will  account  for  the  results  we 

,  obtained.  •     "  ' 

This  is  purely  speculative.  Can  we  find  any  experimental  evidence  for 
this  view?  Perhaps  we  have  a  clue  in  an  experimental  finding  of  Hubel 
and  WieseP  on  single  nerve  cells  in  visual  cortex  of  kittens.  Cutting  the 
eye  muscles  of  a  newborn  kitten  results  in  an  alternating  divergent  stra- 
bismus. After  this  strabismus  had  developed,  Htib^M  and  Wiesel  mea- 

*  sured  the  percentage^of  cells  in  the  vjsual  cortex  that  were  binocularly 
driven.  In  the  normal  kitten  one^with  only  a  sham  surgical  procedure- 
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FIGURE  3  Change  in  diameter  of  the 
pupil  of  the  lef/  cyt  for  equal  binocular 
retinal  illuminance.  The  circles  repit- 
sen^  empirical  observations;  lines  are 
theoretical  predictions  based  on  the 
monoculaf  measurements.  The  solid 
line'is  the  change  in  size  predicted  if 
each  4noiiocu]ar  response  is  added  lin- 
early; the  dashed  line  is  the  change 
predicted  if  the  light<(  axe  added  lin- 
early. Neither  fit  is  satisfactory.  (Re- 
printed with  permission  from  ten 
Doesschatc  arid  Alpcrn,^) 
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I  ICiURL  4  Scheme  of  midbrjin  poohng  that  could  account  for  the  fact  that  the  pupil  is 
always  smaller  when  the  rctmas  axe  equally  ^Uummated.  <,x)mpared  with  the  case  when  one 
leima  is  in  the  dark.  The  output  of  the  pool  dnves  both  pupils,  equally  largt  r  contractions 
bcmg  produced  by  havmg  more  cells  responding.  The  ccUs  contained  in  the  right  circle  are 
excited  by  the  right  retina,  those  in  the  left  circle  arc  exciti'd  by  the  left  relina. 
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a  vast  majority  of  the.  cells  are  binociilarly  driven.  However,  in  the  test 
khtens.  with  strabismus,  the  matter  is  quite  differs  nt.  The  vast  majonty 
of  cells  in  their  visual  cortex  are  only  monocularly  dnven.  This  looks, 
like  a  paradigm  for  testing  binocular  pupil  additivity.  A  person  with  - 
alternating  strabismus,might  be  expected  to  show  a  much  grea'ter  binoc- 
ular additivity  than  in  the  normal  eye  (because  fewer  celU  would  be  bin- 
ocularly  driven).  As  it  happens,  I  have  an  alternating  strabisntus,  so  I  put 
myseir  into  this  apparatus  and  did  the  experiment.  It  turned  out  to  be 
nonsense,  we  could  not  get  the  expected  results  at  all.  The  result  was 
interesting,  however.  I  would  like  >ou  to  think  of  the  problem  (a  per- 
ceptual problem)  of  someone  with  strabismus  whose  eyes  aim  simultan* 
cously  at  different  parts  of  the  visual  world.  Such  a  person'^s  way  of 
viewing  the  visual  wor^d  binocularly  is  remarkably  different  from  the 
w^y  of  a  person  with  normal  binocular  vision.  To  avoid  dpuble  vision^ 
with  an  alternating  strabismus,  the  retinal  activity  of  one  of  the  two  j[ 
eyes  must  be  turned  down  (if  not  off).  In  the  clinical  literature,  this  f 
phenomenon  is  referred  to  as  "suppression",  th^re  is  little  concrete 
understaijding  of  its  physiology. 

Figure  5  shows  some  of  the  measurements  of  the  pupil  (of"my  eye) 
in  alternating  strabismus.  I  was  fixating  with  my  left  eye,  although  my 
right  eyt  is  the  dominant  one.  Instead  of  getting  the  predicted  super- 
additivity,  there  was  no  additi,ity  at  all.  In  binocular  viewing,  the  pupils 
were  the  same  size  as  when  the  right  eye. was  in  the  dark.  The  nonfixat- 
ing  eye  made  no  contribution  to  the  biix)cular  response.  That  was  the 
first  interesting  aspect  of  our  results. 

Tile  second  was  that,  when  the  fixating  eye  was  in  the  dark,  the  , 
pupils  were  much  wider  than  when  the  nonfixating  eye  was  in  the  dark. 
In  the  normal  subject,  the  eyes  are  equally  effecti\e  m  making  the  pupil , 
smaller,  jrrespe^^tive  of  which  one  is  fixating.^ut  in  strabismus,  when 
.the  fixating  eye  (the  left  in  Figure  5)  is  stimulated,  the  pupil  is  much 
smalfer  than  when  the  nonfixating  eye  is  stimulated.  That  is  not  a  pe- 
culiarity of  the  left  eye,  but  characteristic  of  whichever  eye  happens  to 
be  fixating  at  the  time. 

Figure  6  substantiates  the  last  statement.  When  the  right  retina  is 
fixating,  it  produces  the  smaller  pupil.  When  the  left  retina  is  fixating, 
it  produces  the  smaller  pupil.  It  depends,  not  on  which  is  the  so-called 
better  eye,  as  far  as  visual  acuity  or  dominance  is  concerned,  but  on 
which  of  the  two  eyes  happens  to  be  fixating  at  the  moment, 

Havuig  found  that,  I  wanted  to  see  whether  there  was  a  paradigm  for 
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FIGURE  5  Size  of  the  pupil  of  the  left  eye  in  obseivci  M,  A.  (with  ilienuting  sutbismus)  as  a 
fufitftion  of  the  intensity  of  jrttinil  iilumininu.  Left  eye  ts  always  axating.  Hie  dots  show  the 
results  when  the  eyes  were  equally  illuminated,  the  s^all  circles,  the  resulu  when  the  fixating 
eye  was  illuminated,  and  the  laifc  circles,  the  results  when  the  squmung  eye  was  illuminated 
(Reprinted  with  permission  from  ten  Doesschate  and  Alpem.^) 
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a  similar  effect  in  normal  eyes  by  making  measurements  that  involve  the 
classical  experiment  of  retinal  rivalry.  Briefly,  one  puts  overlapping  con- 
tours onto  the  two/etinas  (for  example,  vertical  black  and  white  stripes 
seen  by  the  left,  horizontal  stripes  by  the  right).  The  result  is  that  these 
conflicting  borders  cannot  be  unified  into  a  perfectly  consistent  whole,^ 
Normal  observers  alternately  hold  clear  first,  say,  the  vertical  lines,  and 
then  the  horizontal  lines,  oscillating  from  one  to  the  other.  I  thought 
that  perhaps  the  phenomenon  of  turning  down  or  turning  off  the  retinal 
input  to  the  pupil,  which  o^g^  in  strabismus,  would  also  show  up  on 
normal  eyes,  if  they  weM^^PRed  into  this  rivalry  situation.  In  fact,  it 
looks  as  though  it  doesr^ 

The  experiment  is  tricky,  because  one  must  remember  that  in  the 
normal  eye  eacj^  retina  is  driving  both  pupils  to  the  same  extent.  If  the 
subject  is  prest-nted  witftthe  overlapping  contours,  shown  in  F>gure  7, 
and  the  Illumination  on  the  two  eyes  is  the  same,  it  docs  not  matter 
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I  ICI  RL  7  The  pupi!  M/c  (uf  (he  lcfrc>c)  evoked  by  dtffcicnt  amij||int%  of  retinal  lUumtnjh 
iion  m  the  nMrnut  eye  dunnga  ttiinA  nv«ii>  cxpcnmcnt.  fhc  jb^wiv%4  show!b  the  intensity  of 
let  in  4!  lUumin^nvc     the  left  letinj,  fhc  wibulev  lep^eyrnt  mcasuiements  nude  while  the  right 
c>e  dominated,  (he  doi\  those  made  v^hiie  the  left  cvc  duiiiinated.  L'ppei,  re^ult^  when  the  two 
.f^tina.^  Hcic  aiwa>Mllummait^  the  ^mt  amuunt^  No  diffcicnwcs  in  the  Ic^pon^es  Here  mea* 
^uied  when  the  data  wcic  obtained  m^jphaK  and  out  of  pha^e  with  the  tlluminatton  of  the  dom* 
mant  letma.  Lowei.  lesutt^  when  the  illummatton  to  the  nghi  retina  ms  held  fixed  ifieen  light 
of  in  tiolandM  whdc  that  to  the  left  lettna  wa\  varied.  The  pupil  is  smaller  when  the  more  in* 
tcnvcly  dlumlnated  retina    dominant  than  when  the  more  w\*akl>  illuminated  letina  is 
doontnant  ^  * 
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which  rvtina  dominaies.  either  will  give  the  jumc  result  Thus,  the  lop 
j^aph  in  Figure  7  shows  the  same  pupil  size,  fegiirdles?^  ol  whether  4he 
pupil  is  photographed  in  or  out  of  phase  with  the  itvalry.  No  difference 
would  be  expected,  because  the  iflummation  on  eachnHfirta  was  always 
the  same  To  bring  out  thejnfluence  of  rivair>  •  one  must  introduce  a 
difference  in  the  reUnal  ilhimination  in  the  two  eyes.  ' 

The  experiment  is  straightforward,  and  the  results  are  illustrated  m 
the  bottom  graph  of  Figure  7.  We  hold  the  retinal  illuminance  of  the 
right  eye  fixed  and  vary  the  intensity  of  illuminance  of  the  left  retina 
only.  The  right  eye  viewn  green  light  of  1 0  trolands  that  is  no!  very  dif- 
ferent from  the  intensity  of  illuminance  of  the  low  levels       to  stiin-^ 
ulate  the  left  retina,  and  the  result  as  we  have  already  x*en  is  that 
there  IS  no  difference  in  the  si/e  of  the  pupil  in  the  left  eye,  whether         *  . 
Ihe  left  pr  the  right  retma  dominates  However,  as  we  increase  the  in- 
tensity trf  ;!h;m:nancc  tc  the  left  retsna,  :»u  thai  it  is  appreciably  greater 
than  that  of  the  right.  It  matters  a  good  deal  which  retina  IS  doimnant 
At  any  abscissa  setting,  the  intensities  of  illuminance  to  the  two  rcimas 
do  not  change,  but  the  pupil  is  much  wider  when  the  retina  receiving 
the  weaker  light  w  dominant  th    when  it  is  not> 

In  general,  the  phenomenon  that  we  are  trying  to  understand  m 
strabismus  seems  to  have  a  a^unterpart  in  the  normal  eyes*  viewing  a 
rivahy.-targel 

I  do  not  fully  understand  the  implicationN  ol  what  I  have  described 
,  This  is  in  many  ways,  a  very  surprising  result,  where  vision  is  sup- 
pressed by  the  dominance  of  one  retina,  photopupillai>  motion  is  also 
suppressed 

One  suggestion  is  that  whatever  is  turning  down  this  visual  impres- 
sion is  turning  It  down  at  the  cortex  If  so.  it  must  also  send  separate 
signals  dowji  to  the  midhraui  level  to  turn  dov^n  the  photopupillar)  re- 
sponse AlternitiveK .  p^^rhaps  the  turning  down  is  going  on  at  the  reima 
itself,  m  which  case  a  separate  iuniing  down  for  the  pupil  is  not  neces- 
sary, because  vision  and  photnpupjll^ary  motion  are  probably  inediated 
by  the  same  nerve  pathwa><  at  the  Ic    of  the  rctma  Either  suggestion         '  ^  ^ 
Is  rather  disiurbing.  and  the  evidenr  :  .  ,ir  eath  is  not  very  impressive 

What  Is  the  relationslgp  ol  tiKse  ideas  to  the  problems  of  reading?  In 
the  proLcss  ot  reading,  one  makes  eye  movements  of  very  high  velocity, 
saccades.  y^  inak.rr  a  saccade,  the  visual  system  also  undergoes  a  mo- 
mentary  lurnine  down  of  aclivitv  (it  takes  more  lieht  to  pmduce  a 
Hueshnid  than  when  the  e>e  is  munu}^ilei  It  has  ken  ^peculated  that 
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the  turning  down  of  the  sensitivity  of  vision  during  saccadic  eye  move* 
m.ixls  resiembles  the  turning  down  of  vision  in  retinal  rivalry,  and  the 
$ame  sort  of  turning  down  that  is  found  in  strabismus.  I  find  it  difficult 
to  conceu'c  a  good  experiment  that  might  accumulate  evidence  to  sup- 
port such^ideas.  '  ^ 

\ 

I  am  indebted  to  Dr  Keith  Burnes  and  Joel  Sugai  for  their  aBle  technical  assistance 
m  some  of  the  cxpenmcnis  discussed  here. 
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DISCUSSION 


OR,  WADF  MARSHALL  Curi  Richter  (Jpltn5»  Hopkins Mcd  J.  122  J18'223, 1968) 
recently  reported  an  interesting  study  of  alternating  strabismus  on  24«hr  cycles. 

.  This  IS  such  a  curious  phenomeni^n  that  I  wrote  to  hjm^and  he  replied  that  he. 
had  checked  30  cases  in  which  it|  operated  Itke  clockwork^  tljic  disturbance  tend- 
to  improve  as  the  pstient  go^  older  Psychiatrists  tell  me! that  they  so«:)etimes 
24«hr  cycles  in  mamcHlepressuve  patients.  i 

DK,  Atrf  RN  T«te  phenoirienon  pf  periodic  v.rabismus,  m  wi ach  the  patient  is 
norma!  some  of  the  time  and  has  strabismus  some  of  the  tim*.  is  very  welt 
known.  1  did  not  know  that  the  a!tc. ration  ckn  occur  with  such  beautiful 
re|ularity.     *     ^  .  * 

The  mechanism  of  turning  down  vision  during  a  saccade  is  not  a  simple  mat* 
ler  There  is  a  large  literature  concerning  whether  saccadic  suppression  occurs  at 
air  Evidence  is  accumulating  that  the  output  from  the  retina  is  not  completely 
(urned  off  during  the  saccadC  However  the  activity  is  clearly  reduced  (because 
of  the  exuemely  lugh  velocity  of  eye  movements),  and  there  is  also  some  reduc; 
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lion  in  visibility.  The  best  data  I  know  of  arc  those  of  Riggs  apd  his  students, 
Amy  Schick  and  Francis  Volkmann  (J.  Opt.  Soc.  Am«.  58.562-569,  1968). 
Tperc  does  seem  to  be  a  genuine  reduction  of  sensitivity  that  is  not  due  to  any 
ofa  number  of  sources  of  artifdct.2uberer//.  (Exp.  Neurol.  14:351-370, 1966) 
have  found  evidence  of  the  suppression  of  pupiljary  light  response  during  the 
saccade,but  tlicrc  arc  still  some  problems  in  understanding  the  phenomenon. 
I,  [NGKAM  Is  thpre  any  evidcncejconcernfng  persons  with<onstant  nystagmus 
'.while  reading^  How  do^hey  manage  to  read,  to  get  a  retinal  outline  down? 
DR.  ^LPERN  I  have  no  evidence  on  this  except  tftc  subjective  reports  of  a  profes- 
sor of  mathematics  at  the  Univcisity  of  Michigan  who  has  very  poor  visual  acu- 
ity and  a  constant  nystagmus.  He  reported  that,  when  he  was  observing  the  ro- 
'tanng  turntable  oF  his  phonograph,  which  had  a  speed  of  rotation  in  phase  with 
hil  nystagmus  eye  movements,  the  phoilograph  record  on  the  turntable  appeared 
stitionajy.  That  is  the  only  evidence  I  know  of.  • 
DR .  iiLV  EH .  Pid  you  notice  a  difference  in  posftion  or  shape  of  the  pupillSome- 
tiincs  on^i  flash  of  hght,  the  pupil  becomes  eccentric,  and  I  wondered  whether 
yqu  had  seen  that. 

DH.  Ki  prRN  These  studi(;s  were  n8l  done  with  flashing  lights,  but  with  an  optical  4 
syltem  presenting  a  binocular  Maxwelllan  view.  The  pupil  was  photographed  m 
tht  steady  state  under  infrared  fight  with  infrared  film.  There  may  be  such  ef- 
fects, but  I  would  not  have  seen  them  in  these  experiments.  , 

OR.  LiNDSLT  Y  You  referred  to  retinal  suppression  in  Riggi^s  experiment. 

OR.  >itf  E  RN  I  did  not  mean  to.  There  is  a'saccadic  suppression,  which  Riggs  docs 
,  not  for  a  minute  believe  is  in  the  retina.  If  I  were* to  infer  what  Rjggs  thinks,  sac- 
traihc  suppression  is  in  the  cortex,  and  I  have  no  way  of  knowing  whether  sup- 
prrssion  is  in  the  cortex  in  this  other  system  responsible  for  the  obscryations  I 
ha   presented.  It  is  a  bit  awkward,  because  multiple  connections  arc  needed, 
nof  only  between  the  cortex  and  retina  for  vision^bul  through  the  prctcctum 
foi  phofopupiltary  mutioij.  It  is  not  obvious  why  anyone  would  build  a  railroad 
thi  t  way /However,  if  saccadic  suppression  were  retinal  or  if  this  suppression  in  . 
nvilry  were  retinal,  then  it  would  not  be  at  all  surprising  for  both  vision  and# 
ph  uopupillary  response  .to  be  suppressed.  Xhat  would  be  the  logical  consc- 
qu<^nce  oT  the  neuroanatomy,  inasmuch  as  in  every  way  that  we  can  make  the 
tests  It  is  evident  that,  within  the  reHna,  the  nerve  pathways  for  vision  and 
photopupillary  motion  are  identical 

DR.  I INOSL  EY .  There  is  already  some  evidence.  Dr.  Bus6r  and  his  co-wjorkcrs 
(C     Soc.  Biol.  Pans  154,38-^2,  I960;  J.  Neyrophysiol.  26  677-691, 1963) 
have  shown  thai  there  are  pathways  to  and  from  not  only  the  tectum,  but  also 

the  lenticular  formation. 

•  '»  * 

OR.  A|ir»KRM  But  why  would  anyone  want  to  develop  a  special  pathway  from 
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tex  to  midbrain  just  to  turn  down  the  pupillary  response  to  a  binocular 
nvilry  stimulus? 
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Neural  Organization  in  Vision 


I  would  like  to  review  some  aspect^  of  the  retina,  the  lateral  geniculate 
body,  and  the  visual  cortex  and  the  pathways  that  connect  them.  The 
basic  descriptions  of  the  structure  of  the  visual  system  found  in  classical 
writings  have  guided  the  efforts  of  physiologists  and  psychologists  in 
planning  and  interpreting^experiments  on  visual  function.  I  will  com* 
ment  on  some  of4hese  classical  teachings  in  the  light  of  recent  experi*  . 
ments  in  our  own  and  other  laboratories. 

Let  us  first  look  at  an  example  of  a  typical  vertebrate  eye,  that  of  a 
rhesus  monkey.  We  know  from  psychophysical  studies,  sucK  as  those  of 
Blough  and  Schrier,^*'^  that  monkey  vision  is  quite  similar  to  our  own; 
hence,  we  should  be  able  to  understand  a  good  deal  about  the  human 
eye  from  studies  oh  monkeys. 

Figure  1  is  a  low-power  picture  of  the  monkey  eye,  showing  the 
typical  results  of  histologic  pfbcedures  for  fixation,  embedding,  and 
staining  of  eyes.  The  figure  also  illustrates  one  of  the  problems  en- 
countered by  retinal  histologists:'  the  retina  often  is  detachedin  fixa- 
tion or  embedding,  mostoften  at  the  fovea.  Figure  2  is  a  higher-power 
view  of  the  monjcey  retina,  centered  at  the  fovea.  Note  that  in  the  fovea 
the  outer  cellular  layers  of  the  retina  are  displaced  away  from  the  dense 
array  of  thin  central  cones,  A  short  distance  away  from  the  fovea, Ihe 
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cones  become  thicker,  and  they  arc  less  numerous  and  less  densely 
packed.  •  *r 


MORPHOLOGIC  DIFFERENCES 

Monkeys  and  man  have  a  mixed  retina,  in  which  there  are  both  rod  and 
cone  receptors.  Many  animals  have  almost  exclusively  one  or  the  other . 
type  of  receptor.  I  would  like  to  discuss  some  aspects  qf  comparative 
anatortiy  of  the  retina  of  mammak-both  b^causeit  is  interesting  in  it- 
self arid  because  comparative  study  can  show  in  a  simple  way  something 
aboDt  ourKuman  retina.  Figure  3  is  a  photograph  of  the- receptors  in 
the  retina  of  a  tree  shrew,  Tupaia  glis.  This  relatively  simple  retina  has  a 
single  row  of  cones  arranged  in  a  homogeneous  mosaic  at  the  hack  of 
the  eye."  There  does  not  appear  to  be  a  fovea  or  any  obvious. center  of 
specialization  within  the  e>e.  Such  a  pure  cone  retina  is  a  form  of  spe- 
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FIGURE  t  Low-power  photomk^ograph  of  monkey  {Macaca  mukiia)  cVjc.  Susa  fixation;  c^bo^ddcd  in 
low-viKosity  nitrocellulose;  OisoVs  Mtflory  stain;       section.  /  ' 


MITCHhLL 


GLiCKSTEl 


r  IGURl:  2  Higher  power  view  ol'  monkc>  fovea,  saqic  Mivhon  a>  in  I  igurc  1.  <abom  X  1^0)  ; 

cializition  that  isjound  in  several  species  of  diurnal  mammal.  Another 
^    aspect  of^spccblization  for  living  in  daylight  illumination  is  the  Uense 
'  black  pigment  that  surrounds  the  outer  segments  of  the  cones.  The  pig- 
ment absorbs  light  that  does  Jiol  strike  the  out\;r  segments  of  receptors. 

Figure  4  shows  t:he  receptor  layer  o(  d  Wmkdioix.Ppfos  Jhvux  quite 
a  different  kind  of  animal,  which  is  active  largely  at  night.  Zookeepers 
place  it  in  dim  red  illumination  and  often  reverse  the  normal  light-dark 
cycle,  because  in  nature  these  animals  behave  very  little  in  the  daytime. 
,  Their  receptors  are  nearly  all  rods,  with  layer  after  layer  of  rod  nuclei 
packed  below  the  inner  segments  of  the  rods.^lf  one  were  to  package 
these  two  retinas  together,  with  rods  scattered  among  the  cones  and  rod 
nuclei  arranged  beneath  cone  nuclei,  one  might  expect  the  organization 
seen  in  Figure  5.  the  retina  of  a  leopard,  Panthm(s  pardus.  This  kind  of 
receptor  .^jid  outer  nudear  la>er  is  typical  of  the  basically  nocturnal 
animals.that  are  also  capable  of  vision  in  daylight.  ^  ' 
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^  Another  major  difference  in.structure  associated  With  nocturnal 
versus  diurnal  vision  is  the  ratio  of  receptor  nuclei  to  different  cell 
^  jypes  in  each  of  the  cellular  layers  of  the  retina.  If  we  count  the 
number  of  receptor  nuclei  and  the  number  of  cells  in  .the  inner  nu- 
clear and  ganglion-ccJI.  layers  of  noOturnarmammals^,  we  see  that  each 
successive  layer  contains  fewer  cells.  There  is  summation  from  many 
receptors'onto  a  smaller  number  of  cells  in  the  inner  nuclear  layer,  and 
summation  in  turn  from  inner  nuclear  cells  onto  ganglion  cells. 

By  contrast^  Figure  6  illustrates  the  ratios  in  a  tree  shrew.  There  is  a 
single  line  of  cones,  and  a  roughly  equivalent  number  of  ganglion  cells. 
In  the  inner  nuclear  layer,  which  lies  between  the  receptors  and  ganglion 
cells,  there  is  a  mMch  greater  number  of  cells  than  in  either  of  the  other 
two  cellular  layers.  J 
As,  we  noted,  many  animals  capable  of  visionlSoth  at  night  and  in  the 


I  IGl'Rl  ^  Oil  immcrxion  photomKiogfaph  of  tree  shrew  KTupam%hs)  rclina.  Bouin*s  fixative, cm- 

K'dding.  sectioning,  and  staining  as  in  I  igurc  1.  No^c  dark  pigment  layer»  part  of  inner  segments  of  cones. 

and  mottled  ione  nuclei  (about  X  LS.^O)  (Repr/titcd  with  permission  from  Glitkslein.^)  /? 
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FIGURE  4  Oii-immcr$ion  phoCo/nicrogtiiph  of  kink^jou  {Potos  flai  uSheiiM,  Histologic  techniques  ts  in 
Figure  L 

\ 

daytime  have  a  mixed Vctiiia.  Figure  6^ho\vs  a  common  arrangement  of 
sucli  retinas*:  a  single  line  of  cone  nuclei  just  adjacent  to  the  outer  limit; 
ing  membrane,  below  which  are  many  layers  of  rod  nuclei.  Figure  7 
shows  the  same  general  arrangement  in  the  monkey  retina  a  few  degrees 
away  from  the  center  of  gaze.  Note  the  single  line  of  cone  nuclei,  and 
the  deeper  lajrur  of  rod  nuclei.  This  figure  shows  several  identifying 
characteristics  ot' cune  nuclei.  Conv  nuclei  are  larger,  may  stain  differ- 
ently from  the  nuclei  of  rods,  have  a  more  diffuse  distribution  of  chro- 
matin within  the  nucleus,  and  lie  closer  to  the  outer  limiting  membrane. 

FUNCTIONAL  COMPARISONS 

I  would  like  to  draw  a  le»on  from  iomc  of  tlicsc  structural  coiihidera- 
tioii">.  The  presence  of  two  types  of  nucleubgivcb  u  laminar  appearance 

» 
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to  the  outer  nuclear  layer.  We  know  that  rods  and  cones  operate  under 
vastly  different  conditions  of  illumination;  hence,  there  is  an  easy  inter- 
pretation of  the  lartiinar  pattern.  The  nuclei  of  cells  that  function  under 
different  lighting  conditions  are  grouped  injfo  distinguishable  sublayers. 
Lamination  is  present  in  other  visual  structures,  but  is  not  as  wcH  un- 
derst9od:  the  optic  tectum  of  birds  aftd  thc.lateral  geniculate  nucleus 
and  the  cortex  of  mamn^als  all  have  a  layered  appearance.  x 

JFigure  8  shows  the  lateral  geniculate  nucleus  pf  a  squirrel  monkey; 
If  one  eye  is  removed  and  a  sufficient  amount  of  time  elapses,  a  covert 
lamination  is  revealed  in  the  geniculate.'*  Atrophifid  cells  arc  smaller 
than  those  seen  in  the  lateral  geniculate  nucleus  of  a  nqrmal  animal.  ^ 
The  pattern  of  lamination  is  such  that  layers  1 ,  4,  and  6  connect  to  tlve 
contralateral  eye,  and  layers  2,  3,  and  5  to  the  ipsilateral  eye.  Such  an 
arrangement  is  present  in  many  old  and  new  world  primates,  as  well  as 
in  man. 
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Althouglrgcniculatc  lamination  may  be  obvious,  functional  interpre- 
tation of  lamination  is  not.  The  visual  fields  are  mapped  and  remapped'' 
six  times  in  the  lateral  geniculate  nucleus  of  the  mgnkey,  and  at  least 
three  times  in  the  cat.  Although  a  beginning  hasp  been  made  in  attalysi^* 
of  receptive-field  differences  of  cells  in  individual  layers  of  the  genicu- 
late,^-there  is  no  clear  answer  to  the  question  of  what  is  being* 
segregated. 

PROJECTION  TO  CORTEX  .  " 

I  would  like  now  to  consider  the  projections  from  the  lateral  geniculate  . 
nucleus  b  Mie  cortex.  Classical  teachings  would  hold  that  there  is  only 
one  representatiojrt  of  the  visual  fields  in  the  cortex.  The  cortex  is  said 
to  be  topologitally  organized  and  unique,  with  neighboring  points  on 
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the  retina  prujeclcd  onto  neighboring  points  on  the  cortex,  and  the  en- 
tire rStinii  represented  once  and  only  once. 

The  physiologic  study  of  the  problem  of  visual  cortical  projection 
had  its 'origin  in  Wade  Marshall's  laboratory.  Talbot  and  Marshall'^*  first 
began  to  study  systematically  the  potentials  evoked  in  the  cat\  brain 
by  flashes  of  lights  On  the  basis  of.their  obt^ervation^  and  those  of  later 
workers,  we  know  that  gross  evoked  potentials  to  flash  can  be  recorded 
not  only  in  area  17,  the  striate  cortex,  but  also  in  area  18:  Indeed,  Doty^ 
*  showed  th^t  the  evoked  potentials  in  area  18  arc  of  short  latency  and 
actually  o/lu^Iicr  amplitude  than  those  in  area  17.  Evoke J-potential 
studies  reveal  that  area  18  also  maps  the  visual  fields  in  an  orderly  way, 
hence,  Talbot*^  names  this  region  of  cortex  "visual  II/*  Until  recently, 
it  was  usually  assumed  that  activity  in  visual  11  is  ^lue  to  indirect  activa- 
tion via  a  relay  from  primary  stijiate  cortex.  However,  anatomic  studies 
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reveal  that  viMial  U  of  the  cat  receives  a  dehsie  and  heavy  input  of  nerve 
fibers  from  the  geniculate.''  In  the  cat.  there  appear  to  be  at  lea^r  two 
ordered  projectipns  from  lateral  geniculate  to  cortex*  each  6f  which 
maps  the  visual  fields  in  parallel 


INTERPRETATION 

What  functional  interpretation  might  there  be  for  parallel  projection 
from  the  lateral  geniculate  to  two  independent  regions  on  the  cortex'i^ 
I  woujd  like  to  raise  this  question  fir^t  with  r^*lation  to  theories  of  the 
vi5ual  function.  Classical  neurologic  thinking  is  infiuenced  heavily  by 
tha  concept  of  a  unique  cortical  projection  ol  the  lateral  geniculate  to 
area  17.  Visual  recall  is  thought  to  be  a  function  of  connections  from 
primary  visual  cprtex  to  association  cortex  nearby.  Current  theories  of 
rcceptive-field  organization.*  *  forf  xample,  suggest  that  cells  in  area  18 
derive  their  complex  reccDtive  fields  If om  simpler  receptive  fields  of 
cells  in,.areaM7,  However;  the  input  from  the  geniculate  to  area  18  is 
a  major  one  in  the  cat  This  projection  is  both  in  parallel  and  in  series 
with  area  17  We  might  try  to.think  of  some  aspect  of  vision  that  might 
'  be  mediated  by  area  18.  Gordon  Walk**  suggested,  and  I  think  it  is  a 
.good  argument,  that  area  18  of  the  cat  may  be  a  visual  center  regulat- 
ing visual  refiex  actions  reaction^  of  the  head  and  neck,  reactions  of 
the  eyes  that  m  the  cat  sgr^e  to  maintain  objects  m  constant  view 

I  do  not  believe  that  there  is  good  enouglMj^idence  that  there  are 
two  independent  projections  of  the  lateral  geniculate  in  man  1  also 
must  confess  that  1  feel  that  the  answer  to  the  problems  of  the  struc; 
tural  basis  of  desvlopmental  dyslexia-must  be  found  outside  the  CtasM 
cal  pathways  of  the  visual  systen^.  Animals  and  man  can  tolejjte  a 
prlsmgly  large  loss  of  4the  visual  cortex  without  major  symptoms  of 
blindness  Ushley'^  showed  that  rats  deprived  oi>tnate  corlex.  al- 
though visually  unpaired,  were  capable  of  solvingrtKciblems  Based  on 
form  if  1/50  t>f  the  cells  of  the  visual  cortex  remained  I  confirmed 
that  fully  for  the  monkey  There  is  also  the  evidence  HGalJrmbost*/ 
a/  ^  who  cut  more  than  H$^'  of  the  optii.  tracts  m  cats,  letiving  only  a 
tiny  fraction  of  the  visual  s>^tem.  and  yet  lould  tram  fonn  ili^*rimina- 
tion  to  a  high  level 

Oiie  mi£ht  argue  that  functional  it^-  of  residual  visual  cortex  occurs 
only  in  animals,  but  tlierc  are  human  cases  that  show  the  saiiic  Hung 
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Tciibcr  ct  al    discuss  a  man  who  had  a  inabMvc  peripheral  aotoma 
with  only  a  small  region  of j:entral  vision  remaining  after  bram  injury. 
His  condition  escaped  detection  during  hospitalization,  he  went  to  work 
as  a  mail  sorter,  and  his  disability  was  not  discovered  until  lie  thoUght 
he  needed  gjasses  several  years  later 

Although  the  visual  pathways  are  fascinating,  I  am  not  sure  of  their 
relevance  to  an  understanding  of  disabilities  in  reading.  The  evidence 
suggests  to  me  that  the  deficit  m  reading  disorders  lies  elsewhere. 
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iplSCUSSION  ; 

DR .  A Lf  E  K    j(  IS  nc<^ssary  to  ttm  a  word  of  caution  xegirding  the  concepts  of 
interaction-  of  rods  with  cones.  The  inhibition  of  rods  by  cones  is  freqtiently 
.  proposed  ik  the  '^explanation''  for  a  variety  of  psychophysiGal  phenomena,  foi 
examptet  the  failure  of  the.  rods  to  play  an  important  role  in  daylight  vision  or 
to  determine  threshold  in  the  early  moments  in  the  dark  after  a  full  rhodot)Sin 
Dkacb^.  Such  sufiesuoiu  are  usually  trade  giibly  wiUiout  good  eW^ 
now  knoH  that  the  ''explanation''  is  usually  wrong.  When  one  looks  hard,  the  * 
almost  instable  Hnding  is  that  rodi,  far  from  being  inhibited  by  c^es«  are 
hiiubited  by  other  rpds.  and  by  other  rods  alone  ( Alpem  J,  Physiol.  1 76:462- 
^  472«  1 965),  There  are.  howawr.  three  phenomena  kfiown  to  me  in  which  hy|>oth- 
esized  inhibitkm  of  rodiby  cones  cannot  yet  be  dismissed^  (I)  in  the  pupil  reflex 
Ho  light  {ten  Doesschate  and  Alpem.  J.  Neurophysid.  30: 57 IJ  %7.  Fijjure  7), 
(2)  in  the  color  matches bf  the  extrafoveal  retina  (Chnk.  OptKa  Acta  7: 355-384. 
.  1960);  and  (3)  m  the  occlusion  of  action  potenVal  spdces  of  th;^  ganglion  cells  in 
*  the  iMnkey  retina (Gouras  and  l^J^niysiot.l84:499 J 

B^use  we  can  functionally  measure  diflerences  in  the  contributions  of  rods 
and  cones,  at  the  least,  by  their  different  specuil  sensitivities*  directional  sensi* 
tivities,  and  kinetics  of  their  vti|lbl  pigments,  it  is  not  umessonable  to  expect 
proposed  cone  mhibitton  of  rods  to  be  documented  tn  at  least  these  thre^ays 
•    This  hamever  been  done.         .  ^  \^ 
OR.  GttCKSTriN'  Cone  signals  can  pre*er«!ipt  \\A  ganglion  cell 

You  question  the  ietfo|;|de  connections  of  area  18  to  the 
,  lateral  geniculiite  nucteui,     .         •  * 

OR^  DOT  Y  i  did  not  find  any  defeneration  after  taking  out  this  high-amplitude  . 
strip.  Thea»  was  a  slight  amount  left  ihift  rnight  have  damaged  fibers  going  iito 
area  I   The  amount  of  retrograde  degenefation  m  man  involves  degeneration 
from  area  IS.  occurring  in  a  little  nuclear  group  abiittmg  the  lateral  geniculate 
nucleus  on  its  mediari  dorsal  edg^.  The  cat  has  a  liftle  extra  area  on  the  genicu- 
late-  thai  v^.  t^n  area  1 7,  far  anterior  on  thtl  niaiginal  gynis . 
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(Blul )  169, 107*!  26. 1%7]  m  which  reuogiadc  dcgencraUon  was  found  in  the 
hierJ  geniculaie  afret  lesions  were  placed  m  area  18,  so  I  ihinic  ihc  retrograde 
studies  are  going  to  confirm  the  antegrade  studies. 

ti»  uoT  Y  1  can  confirm  that,  1  hj^jc  found  that  area  18  was  just  as  full  of  de-  ' 
generating  inatenal  as  area  17  was 

DR  n  tic  KST  h  IN  There  is  a  little  dot  in  the  corner  of  one  of  Dr  Marshall's 
illustrations  (J  Ncurophy^siuK  6  1-15, 194Jt).  It  has  a  short-latency  evoked 
potential  to  flash  similar  to  that  m  1 7  or  1 8  This  region  also  receives  a  direct 
lateral  geniculate  projection,  ^ 
,  UR  HFRiNti  Are  you  referring  to  efferent  fibers  to  the  retina  from  the  cortex? 

VH  GLiCKSTi-iN  Efferent^,  to  the  retina  from  cortex  do  not  exist.  However/iJK 
bards,  there  is  a  de^ntmst rated  efferent  projection  to  the  retina  from  the  isthmo\ 
opiK  nucleus  (Cowan  artd  Powell,  Proc  Roy.  Soc.  (Bio!  )  1 58  232-252. 1%3j/ 
It  IS  a  small  nucleus  \m{  medial  and  deep  to  the  tectum*  which  seems  to  sendia 
dcluute  clfereot  piojection  out  uf  the  brain  Bnndley  and  Hamasaki  (J.  PhyJoK 
IH4  444-449, 1966)  presented  histologic  evidence  a^mst  the  view  that  thf 

.  optic  nerve  of  the  cat  contains  efferent  fibers. 

t>R  MARSHAIL  M»cLeanandassociatcs(J.Neurophysiol  31  870-883, 1968; 
R  Hasslcr  and  H.  Stephan,  Eds ,  Bwlution  of  the  ForebraUu  1 966,  pp,  443- 
4S3)  found  :hat  Myers's  teniptaal  loop  prujevls  v».ual  signals  into  the  posterior 
hippocampal  gyrus,  and  certainly  gives  a  dircc  l  entrance  into  a  system  having  an 
inrtuence  on  the  emotional  functions,  i^e,.  the  hmbic  system.  The  evidence  of 
tlut  IS  microelectrode  findings  of  phoiically  responsive  units  m  the  posterior 
parahippiKampal  toitex  and  the  resulis  of  neuroanatomic  studies,  using  a  recent 
inudilii.atiu»  uf  the  Nauia^Gygax  techmqu<;  for  demonstrating  fine  cortical 
fibers 
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Modulation  of  Visual  Input 
by  Brain-Stem  Systems 
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creates  the  world  of  visual  experience  from  2  million  unit- 
fjbefs  in  the  optic  nerves  and  does  it  by  processing  this  mosaic 

input  into  higher  crder  abstractions  that  arc  smoothly  contin- 
j  pace  and  time.  The  manner  in  which  this  is  accomplished  is 
from  adequate  scientific  explanation  that  the  description 
ous**  is  appropriate.  Efforts  to  comprehend  this  process  have 
ed  that  the  retinal  projection  maps  the  world  on  the  cortex, 
legant  elaborations  of  this  approach  have  demonstrated  feature 

and  a  hierarchic  organization  within  this  topologic  matrix 
Hubcl  and  Wiesel   ).  Although  these  phenomeiaa  are  unque*- 
of  great  importance  and  relevance,  a  nuipbcr  of  recent  obscr- 
vjannot  be  incorporated  readily  into  this  basically  topologie 
to  the  explanation  of  visual  phenomena. 

disturbing  observation  is  that  the  topologic  system  in  the 
x  of  cats  (areas  1 7  and  1 8)  can  be  fully  removed  without 
detriment  to  such  complex  phenomena  as  pattern  vision  and  • 
estimation  of  distance,  provided  the  removal  takes  place  in  the 
period.^  The  same  appears  to  be  true  in  tree  shrews,  even  as  _ 
and  possibly  to  a  lesser  degree  in  adult  cats.^^  Thus,  the  ex- 
refined  neural  circuitry  of  the  topologic  matriH  has  no  ncces- 
relehnce  to  pattern  vision,  although  it  would  be  difficult  to  be- 
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lieve  that  the  systenrsof  areas  17  and  18,  when  present,  do  not  function 
.in  such  phenomena.  It  is  also  unlikely  that  higher  primates  could  pcr» 
form  pattern  and  distance  analyses  under  any  circumstances  in  .the  ab- 
^sence  of  area  17;  but  that  doei,  not  lessen  the  problem  of  defining  the 
necessary  attributes^  of  a  system  that  can  function  well  in  cats  in  the 
absence  of  the  cortical  topologic  system.  v 

There  is  now  evidence  that  the  input  can  be  scrambled  by  random 
destruction  of  95%  of  the  optic  tracts  in  cats,  and  yet  mamtain  some 
degree  of  pattern  discrimination  and  ab  normal  distribution  of  photically 
evoked  potentials. That  suggests  that'the  punctate  information 
optically -focused  a|  the  retina  is  widely  elaborated,  both  at  the  retina 
and  in  the  visual  cortex.  Further  electrophysiologic  evidence  of  such 
elabotiJtion  is  seen  with  localized  electrical  stimulation  of  the  retina:  t 
weak  stimuli  applied  even  to  the  nasal  retina  can  evoke  potentials  in 
the  ipsilateral  visual  cortex  that  somewhat  resemble  photically  elicited  ^ 
potentials.'  In  addition  to  this  ex^ensiv-e-tlaburation  of  the  signal  with- 
in the  visual  system  far  beyond  the  Confines  of  point-to-point  projec- 
tion, there  is  wide  distribution  of  photically  elicited  potentials  within  ' 
the  neocortex  in  both  primates*  and  cats  (see  the  contribution  of  Buser, 
p.  157).  In  cats,  mariy  of  these  areas  of  neocortex  remain  responsive  to 
photic  stimulation  even  after  total  extirpation  of  visual  cortex  and  de- 
generation oCthe  lateral  geniculate  nucleus,  pars  dorsalis.'' 

Per4iaps  equally  disturbing  to  any  simplistic  concept  that  theyisual 
system  operates  via  a  merc4opologic  hierarchically  organized  matrix  is 
the  fac(  that  visual  information  can  be  drastically  modified  at  the  first 
and  subsequent  central  relays  by  action  of  the  centrencephalic  system. 
In  primates,  this  gating  function  seems  to  be  exerted  predominantly  at. 
,the  lateral  geniculate  nucleus.  This  influence  is  so  powerful  as  to  sug- 
gest that  it  constitutes  the  raison  detre  for  this  thalamic  relay  nucleus. 

Because  some  features  of  the  electrophysiology  of  the  visual  system 
of  primates  differ  importantly  from  those  in  cats,'^  I  will  present  a  * 
brieC  summary  of  some  of  them  before  proceeding  with  discussion  of 
the  centrencephalic  influences.  . 


O  144 

ERIC 


i 


Modulation  of  Visual  Input. by  Brain-Stem  Systems 


GENERAL  FEA  TURES  OF  THE  ELE€TROPHYS!OLOC  Y  OF  THE 
PRIMA  TE  VISUA  L  S  YSTEM 

Whereas  in  the  cat  it  is  relatively  easy  to^elicit  potcntial^.throughout 
'  areas  17  and  18  by  stimulation  at  a  single  electrode  placeipent  in  the 
optic  tract,  it  is  essentially  impossible  in  squirrel  4nonkcys  and  ma- 
caques. Apparently,  the  glial  investiture  of  fiber  bundles  in  the  primate 
optic  tract  has  such  a  high  electrical  innpedance  that  effectivexurrent 
spread  is  severely  limited,  and  only  a  sma(il^oupof  fibers  can  be  ex- 
cited from  any  one'placement.  Si^/hgicalicvels  of  anesthesia  severely  de- 
press synaptic  transmission  at  tbe  lateral  geniculate  nucleus  (lgn  ),  and 
even  one-tenth  the  anesthetic  dose  of  Nembutal  lengthens  the  recovery 
time  of  synaptic  transmission  from  1 1  msec  to  50^100  msec.  These 
facts  impose  a  liumber  of  technical  diffidulties  in  exploring  the  electro- 
physiology  of  the  i:entr^l  visual  system  in  primates. 

In  t)he  primat^  \,(;'^iX}^l^^^^  clear  separation,  of  unknown  impor- 
tance, into  magnQc^iul;i^f  i^d  parvocellular  laminae.  The  large  cells  in 
the  ^GTN  are  innervated  by'the  faSt  fibers  from  theTet|na"and  photically 
elicited  potentials  occqr  about  5  msec  earlier  in  magnocellular.than  in 
parvocellular  laminae.^  Conduction  velocities  of  the  fast  and  slow  sys-^ 
terns  are  15  and  6  m/sec,  respectively  in  the  optic  tract  and  at  least 
twice  as  high  in  the  optic  radiation.  Paradoxically,  the  parvocellular  ele- 
ments recover  synaptic  transmission  after  an  excitatory  volley  slightly 
faster  than  do  the  magnocellular  elem^nts-about  8  msec  versus  1 2 
msec  to  full  recovery  in  the  unanesthetiz^d  macaque  with  chronically 
intpjanted  plectrocjl,es.  The  first  cortical  synapses  recover  even  faster. 
The  cortical  . response  to  a  single  volley  ascending  the  optic  radiation 
is  similar  to  that  in  the  cat,  except  that  there  are  apparently  twice  as 
many  waves  because  of  th^  separation  in  time  of  dtTival  at  the  cortex 
of  the  magnocellular  and  the  parvocellular  components.  Electrophysio- 
logic and  anatomic  evidence  suggests  that  the  magnocellular  group 
does  not  project  to  the  fovea!  representation  in  the  area  striata,  but  this 
needs  further  investigation. 

One  of  the  more  griitifylng  things  in  working  with  macaques  with 
permanently  implanted  electrodes  in  their  visual  systems  is  the  realiza- 
tion that  evoked  potentials  are  commonplace  and  are  not  just  a  creation 
of  the  artificial  conditions  of  electrophysiologic  experiments.  As  the 
animal  looks  about  in  a  normally  lighted  room,  potential^,,  complete 
with  high-frequency  oscillations.^  are  constantly  being  evoked  in  optic 
Aract  and  striate  cortex  by  changes  in  direction  of  gaze. 

^  ^  lis; 


145 


« 


ROBERT  W.  DOTY  •  ^ 


CONTROL  OF  EXCiTABIUTY  IN  THE  CENTRAL  VISUAL 
SYSTEM  IN  PRIMA  TES  • 

In  most  squirrel  monkeys  and  macaques,  the  excitability  of  the  striate 
cortex  to  a  volley  ascending  the  optic  radiation  is  greatly  reduced  if  the 
unanestl}etized  animal  is  in  the  dark.  Thus,  some  background  activity 
A       from  the  retina  has  a  very  important  role  in  controlling  cortical  excita- 
'  \      bility.  For  unknown  reasons,  the  effect  of  this  activity  (the  Chang  ef- 
\    feet)  \ji  some  animals  is  minimal,  and  in  most  it  does  not  change  trans- 
\   mission  at  thrLGN*  Bilateral  enucleation,  however,  has  very  dramatic 
I  effects  at  both  the  geniculate  and  the  cortical  levels.  The  time  course  of  > 
the  changes  after  enucleation  has  not  been  carefully  studied,  but  the 
changes' are  well  developed  within  a  few  hours,  aad  over  the  course  of 
,  ^      2]to  3  days  they  reach  a  maximum  that  is  maintained  indeflnitely.  In 
*  one  animal,  a  '\worId  record'^  evoked  potential  was  obtained:  the  re- 
sponses in  area  17  to  stimulation  of  the  optic  tract  changed  from  100  ^ 

,peak-to*peak  preoperatiyely  to  as  much  as  9  mV  aft?r  enucleation. 
This  great  change  in  excitability  to  afferent  excitation  is  accompanied 
by  the  development  of  a  very  bizarre,  convulsive  type  of  electroenceph- 
alogram (eeg)  in  area  striata,  with  0.5-  to  2-sec  runs  of  high-voltage 
irregular  spikes,  punctuated  by  approximately  equal  periods  of  almost 
complete  silence*  Similar  bizarte  patterns  have  been  recorded  in  the 
EEC  of  the  human  blind/*'^  It  is  thus  apparent  that,  in  addition  to  the 
modulation  of  central  excitability  exerted  by  the  retina  in  light,  com- 
parefl  with  dark;  there  is  some  powerful  control  of  the  retina  itself  cjyer 
background  activity  of  the  central  system.  ^  \y\ 
^  In  the  normal  macaque  sitting  in  the  dark  while  potentials  a^eyokfcd 
at  different  points  in  atea  striata  several  millinietei;s  apart  for  stimula- 
tion of  the  optic  radiation,  great  independent  variation  is  seen  in  the 
excitability  of  the  several  striate  loci.  One  gets  the  impression  that  each 
point  of  the  cortical  mosaic  is  subject  to  a  large  degree  of  localized  con- 
trpl  in  the  dark.  Still  more  dramatic  changes  of  a  more  global  nature  oc-  ^ 
cur  with  fluctuation  in  the  attentive  state  of  the  animal  in  the  dark. 
Indeed,  when  the  monkey  is  relaxed  and  probably  dozing,  trananissibn 
through  the  lgn  almost  ceases  for  single  volleys  coming  over  thje  optic 
tract,  and  the  cortical  response  is  correspondingly  reduced.  Th^  reduced 
cortical  response,  however,  belies  the  true  state  of  the  cortex,  in  that 
stimulation  of  the  optic  radiation  at  such  times  produces  a  seyeralfold 
increase  in  the  cortical  response.  Thus,  as  attention  lags,  the  lgn  is:, 
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**shul  ofr'  arid  the  cortex  "runs  loose.*'  Other  data  from  studies  of 
evoked  potentials,  as  well  as  data  from  enucleation  studies,  simibrly 
suggest  that  activity  in  the  lgn  somehow  has  a  tonically  inhibitory  in- 
fluence on  area  striata. 

When  the  animal  is  alerted,  the -foregoing  comparison  of  excitability 
at  the  cortex  and  the  lgn  is  immediately  reversed.  The  fluctuation  in 
excitability  at  the  lgn  can  be  very  rapid.  For^example,  in  one  squirrel 
monkey,  as  the  optic  tract  was-tetanized  at  30  pulses/sec,  it  could  be 
seen  that  the  response  in  the  optic  radiation  often  varied  severalfold 
from  one  pulse  to  the  next. 

In  acute  experiments  with  light  barbiturate  anesthesia,  it'is  readily 
shown  that  the  focus  of  this  system  thit  modulates  lgn  excitability  is 
in  the  mesencephalic  reticular  forltnation  (MkF).  A  single  pulse  applied 
to  the  MRF  shuts  off  transmission  through  the*  lgn  within  about  8  msec 
and  keeps  it  suppressed  for  25-30  msec.  Recovery  is  complete  by  about 
50  msec,  and  it  is  usually  followed  by  great  augmentation  of  the  re- 
sponse for  about  100  msec.  Studies  show  that  the  inhibition  so  ob- 
tained is  presynaptic.*^  However,  the  facilitory  effect  is  prepotent,  and 
in  uninesthetized  monkeys  the  Inhibitory  effect  disappears  (Wilson, 
Pecci-Saavedra,  and  Doty,  unpublished  data).  Also,  in  some  anesthe- 
tized.preparation^  it  is  difficult  to  obtain  the  inhibitory  effect,  whereas 
thp  facilitory  effect  may  always  be  obtained  unless  the  animal  is  already 
at  a  peak  of  alertness  (as  is  often  true  with  unanesthetized  macaques). 
When  the  inhibitory  effect  is  present,  it  is  overwhelmed  by  facilitation 
if  a  short  train  of  three  to  six  pulses  at  300/$cc,  rather  than  a.  single 
pulse,  is  applied  to  the  MRF.  Similar  facilitation  can  be  obtained  by 
pulse  trains  applied  to  the  superior  colliculus,  vestibular  nuclei,  locus 
cerulcus,  and  other  areas;  but  it  is  never  as  great,  and  the  threshold  is 
always  considerably  higher  than  for  stimulation  of  the  MRi-.  Facilita- 
tion of  the  |.GN  is  unaffected  by  enucleation  or  removal  of  the  area 
striata.  Unlike  similar  effects  in  the  cat,  facilitation  can  be  observed  in 
pliotitally  elicited  responses,  as  well  as  in  responses  to  an  electrically 
elicited  volley.  ,  • 

The  pathway  by  which  these  facilitory  influences  reach  the  lgn 
from  the  mri  is  still  obscure  and  is  probably  diffuse.  It  does  not  seem 
to  follow  the  brachium  of  the  superior  colliculus,  and  it  survives  ex- 
tensive brain-stem  lesions  in  the  area  between  the  two  structures. 

The  si^fnificance  of  this  control  of  visual  input  is  equally  obscure. 
P.  0.  Bishop  (personal  communication)  has  made  the  ingenious  sugges- 
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tion  that  it  might  be  related  to  control  of  inputs  lyiAg  within  and  out- 
side the  horopter.  However,. at  least  some  aspects  of  the  control  are 
prokibly  related  to  eye  movements.  This  is  suggested  by  the  extremely 
Ifluctuations  in  lgn  excitability  in  normal  squin'pl  monkeys,  as 
Jjy  the  occurrence  of  potentials  in  the  paivoceUular  portions 
^^^7l|'mscc  after  the  occurrence  of  eye  movements.^*  Facil- 
occi^  after  stimulation  of  the  Oculomotor  nuclehs; 
''hehce,  if  it  is  associated  with^eye  movements,  it.does  not  arise  as  a4i- 

?cct  feedback.  The  mrf  stimulation  that  facilitates  transmission  through 
.  he  LGN  is  not  consistently  linked  to  loci  controlling  eye  movements, 
and  the.potentials  that  appear  in  lgn  in  response  to  eye  movements 
also  occur  in  response  to  tactile  or  auditory  stimulation.'*  In  cats,. po- 
tentials in  the  lgn  also  occur  during  eye  movements.and  are  correlated 
with  discharge  in  the  pons,^  discharges  of  neurons  in  the  visual  cortex,** 
and  presynaptic  inhibition  of  the  lgn.^ 

To  gain  some  insight  into  the  meaning  of  the  modulation  of  li^N  ex- 
citability by  the  mrf,  John  Bartleft  in  my  laboratory  has  been  studying 
the  effect  of  likv  stimulatiop  on  responses  of  single  units  in  the  area 
striata  of  painlessly  imniobilized,  unanesthetized  squirrel  monkej^.  A 
natural  stimulus,  such^s  a  moving  line,  is  presented,  to  which  the  unit 
responds;  50  msec  before  every  other  presentation,  the  MRF  is  stimu- 
lated with  si\  pulses,  which  in  the  nonimmobilized  animal  produces  a 
mild  alerting.  The  average  of  10-1 5  presentations  with  and  without  the 
Mrf  stimulation  shows  that  the  unit  responds  faster  when.the  visual  in- 
put is  preceded  by  the  alerting  stimulus.  So  far  in  these  still  preliminary 
experiments,  this  effect  holds  for  all  classes  of  ^n\is  (e.g.,  those  respond- 
ing to  intensity  of  diffuse  illumination,  to  movement,  and  to  various 
combinatipns  of  color,and  movement),  and  seems  merely  to  mimic  the 
change  in  response  obtained  by  increasing  the  intensity  of  the  natural 
stimulus.  Perhaps  with  further  analysis,  some  difference  in  pattern  of 
discharge  may  be  discernible  for  change  in.  intensity  versus  change  in 
alertness,  but  it  is  not  yet  apparent. 

A  major  problem  thus  arises  concerning  the  ambiguity  of  the  in- 
formation passed  on  by  the  lgn*  which  may  not  be  an  accurate  reflec- 
tion of  the  ev  nt  in  the  real  world.  The  ambiguity'^is,  of  course,  com- 
pounded by  V  .iiplex  interactions  among  abstracted  qualities  of  the 
stimulus.  For  example,  some  of  the  units  found  by  Bartlett  display  di- 
rectional sensitivity  tjiat  is  color-dependent.  Thus,  \vith  white  light,  a 
unit  may  respond  best  when  a  line  is  moved  toward,  say,  1  o'clock,  but 
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respond  still  more  vigorously  to  a  red  jjfnv  whose  intensity  is  about  1  log 
xinit  low^er  moved  in  the  sam^  direction.  When  the  line  is  green,  how-  ^ 
ever,  the  direction  ajT  nibvement  givirj]|;<be  same  maximal  response  t 
changes  to  3  o'cldcll^fhus,  disdi^ipil*^^  not 
distinguish  between^fcd  anU^eeVlmi^  directions, 
ui\^^  lines  moving  in  nonoptimal  dirifctidiis  i)y  M  rf 

stinrulafton,  or  a  white  line  moVing  in  the  optimal^Ui^ction  ;ifter  mki 
stimulation.  In  other  words,  discharge  of  this  unirfs  ambiguously  com-  t 
pounded  from  color,  direction,  velocity^  intensity,  and  state  of  alert- 
ness. How,  from  such  a  melange,  the  nervous  system  can  form  a  repre- 
sentation of  reality  is  obviously  still  elusively  miraculous.'However, 
from  such  complications  it  can  at  least  be  inferred  that  the  process  ' 
significantly  transcends  a  mere  duplication  and  hierarchic  extraction 
of  the  retinal  image  in  the  topologic  matrix  of  the  cerebral  cortex. 

The  ^ork  reported  here  was  supported  by  U.S.  Public  Health^Scrvice  grant  NB  ^ 
03606  from  the  National  Institute  of  Neurological  Diseases  and  Blindness  and* 
National  Science  Foundation  grant  GB7522X\ 
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Pologic  Approach  to 
ual  Problems 


Dr.  Boynton  has  suggested  that  we  might  learn 'something  more  about 
perceptual  problems  by  exploring  the  receptive-field  organization  of 
visual  neurons  in  the  human  brain.  This  has  been  our  goal  for  almost 
a  decade,  and  we  have  developed  methods  for  doing  it  in  man.  These 
methods  are  based  on  the  use  of  mkroelectrodes  developed  for  im- 
plantation in  the  brains  of  patients  with  intractable  temporal  lobe 
epilepsy  ''•^  The  patients  in  our  study  were  in  a  group,  studied  by  Dr. 
John  E.  Adams  of  the  University  of  California  Medical  Center  in  Sai> 
Francisco.  They  were  to  undergo  diagnostic  and  therapeutic  brain  sur- 
gery for  relief  of  their  seizures  and  consented  to  having  the  fine  micro- 
electrodes  added  to  the  usual  gross  ones>'^ 

Briefly,  the  method  involves  implantation  of  flexible  "bundles  of  eight 
microelectrodes  (Figure  I )  in  the  cortex.  Each  electrode  is  made  from 
a       straight  tungsten  wire  etched  to  al-M  tip  and  coated  with  multi- 
ple layers  of  Isonel  3 1 .  They  may  be  included  in  an  indwelling  micro^ 
drive  that  can  move  them  ^rom  one  neural  unit  to  another  in.the  cortex, 
or  they  may  be  left  in  a  ffxed  cortical,  focus,  in  which  case  electrical 
pickup  of  single  units  is  likely  because  of  the  large  number  of  active 
neurons  at  the  tip  (Figure  2).^  The  electrodes  are  introduced  through 
a  burrhole  2  cm  to  one  side  of  the  inion.  All  we  can  say  in  identifying 
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MGl'RE  1   Miirocicttiodc  bundle  consisting  of  eight  microtipii  loowly  held  together  by  a  ^rnall  segment 
ut  pUsUc  tubing.  A  Mifviraic  "ground"  lead  it  deflected  to  one  Mde  In  th»  model,  the  tungMen  wuesaie 
v^eldcd  to  insulated  vtainlesvsteel  leads  for  greater  llcxibiltty  and  length.  The  splice  n  within  the  5tU«tic 
maw.  ^hich  i\  lieid  firmly  m  the  bunhole  b>  the  application  of  additional  SilastK.  ^huh  forms  a  plug  .  . 


I IGI  KL  ^  Ovi^illujiijim  recorded  from  a  Mngic  unit  m  the  human  vbua!  s.tHic\ 
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the  cylprchilec tonic  areas  \s  that  Ihey  arc  in  the  visuaJ  cortex.  It  is 

impo^fcle  to  distinguish  between  areas  11,  18.  and  1^  without  histp- 

logic  Ci|nrirmalK>n.  which  we  haveniever  had  V  I 

Dr.  Richard  Jung  and  vo-workers^  first  recorded  single  units  in  the 
visual  cort^^x  of  experimental  animals*  Hubel  and  Wiesel*  and  others 
later  deinojistrated  the  reecptive-field  orgaft1^atlon  of  these  cells.  The 
human  cortical  receptive  fields  resemble.  With  some  important  dilTer- 
ences,?****  those*lound  m  the  monkey  * 

In  a  series  ol  1 5  patients,  we  observed  many  uHit^  in  the  visual  cor- 
tex that  did  not  seem  to  respond  to  any  stimulus  we  could  provide, 
whether  visual  or  otherwise  Their  "bursty,"  spontaneous  activit> 
appeajed  independent  of  external  influences.  Other  units  showed  a 
response  supenmposed  on  the  spontaneous  activity  when  targets  were 
brought  within  the  visual  field.  This  electrical  responn*  was  amplified 
until  It  could  be  heard  over  a  loudspeaker  With  tlus  type  of  response, 
we  were  able  to  plot  nine  receptive  fields>  five  in  response  to  disks  und 
.the  others  to  bars  or  lines  (Figure  3)  The  patient  fixated  a  mark  on  a 
large  sheet  of  cardboard  1  meter  ti^m  his  eyes.  We  then  moved  bars  and 
disks  ot  various  M/es  and  woUns  and  mounted  on  stiff  wire  wands  wtUun 
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\\\%  field  of  vision  and  listened  for  a  response.  The  receptive  tli^s  were 
outlined  III  pencil  on  the  cardboard  lor  later  measurement. 

Because  plotting  was  rapid  .^nd  could  be  repeated  rapidly,  and  bc« 
cause  the  edges  of  most  of  the  receptive  fields  were  sharp,  any  wander- 
ing of  Hxatioii  could  be  detected  and  thus  did  not  affect  the  si/e  or 
position  of  the  plot  Generally,  the  patients  were  very  coopefalivcwand 
niaintamed  visual  tlxidion  well.  Monocular  and  binocular  fields  were 
pitted,  and  we  ikfec>cd  in  these  patients  the  various. degrees  of  domi- 
nance that  have  been  reported  in  laboratory  animujs. . 

All  the  receptive  fields  that  we  plotted  had  some  characteristics  in 
common  The  responses  to  black  on  a  white  background,  v^hite  on  a 
black  or  red  background,  and  red.  yellow,  green,  or  bliie  on  any  con- 
trasting background  were  equal,  the  cells  were,  so* to  speak,  all 
color-blind. 

None  of  the  u^iits  or  their  plotted  receptive  fields  could  be  influ- 
enced  by  a  patient  s  efforts  to  change  tlhiem.  For  example,  we  ui- 
creascd  the  audio  gam  until  the  patient  could  hear  the  pulses  of  a 
unit  finng  in  Ins  cortex  and  then  asked  Tan  you  hear4hat?  Can 
>ou  do  anything  to  influence  it?  Can  you  increase  or  decrease  it.  or 
atlccl  U  m  any  way No  matter  how  much  the  pat*  ul  tried  to  in- 
fluence the  respon^\  wc  could  detect  no  changes,  Wc  also  brought 
thc^arget  into  the  receptive  field  and  asked  "Did  you  hear  that  sound 
when  the  target  was  brought  here  *  Now/rhe  target  is  withdrawn  Ima- 
gine It  Is  there  and  try  to  make  the  same  sound  come  from  the  loud^ 
speaker  "  No  one  succeeded  m  doing  that 

None  of  the  units  appeared  Jo  he  mfluenced  by  stimuli  (o  other 
sensory  modalities. 

Ml  the  plotted  fields  came  from  excitatory  or  '•oh"  units,  the  re- 
sponse being  superimposed  on  the  irregular.  *'bursty"  spontaneous 
rhythm.  If  there  are  any  imitbitory  or  "off  units.  thc>  appear  to  be 
imcammon. 

A  smgle  unit  was  usually  recordable  for  the  length  of  a  1-  to  2-hjr 
scsston.  At  tunes;  a  unit  woukl  be  recordable  from  one  day  to  the 
next  over-the  same  microelectrode.        .  » 

The  maximal  reccptive-ficld  response  occurred  when  the  target 
stimulus  matched  the  si/e  and  shape  ol  the  field,  this  simple  method 
of  target  presentation  woufd  not  be  expected  to  elicit  the  rcsponse  of  , 
a  weak  inhibitory  surround,  and,  in  fact,  we  could  fmd  no  evid<Jnce  of 
such  a  response. 
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One  kpect  pf4)ttr  work  has  direct  bearing  on  the  plasticity  of  the ' 
bf|ta,  a  !(ub)ect^  basic  to  the  interests  of  this  conference.  Some  unit^ 
4|^wed^t(l^rogre^tve  attenuation^  or  habituation^  in  their  response  to' 
refleated  stimulation  m  their ^ccpiive  fields,  which  lasted  longer  than 
•ie  minute  or  two  reponed  for  laboratory  animals.  The  phenomenon 
was  cortical  in  thftt  habiSuation  of  a  binocular  unit  by  the  simulation 
of  the  receptiy^rfield  of^onc  eye  caused  a  decrement  of  response  in  the 
t^eptive pm  of  Ihe  other  eye'.  A,new.  nonmonotonous  stimulus,  either 
^aJt^        9^  tj^othtr  seQsory  modality ,  did  not  restore  the  response 
^  f^.^id^produceadishal>U^^  * 
^^.y1>Mi.?5fep^^    fields  are  plotted  in  Figure  3,  in  which  **p**  h  the  fixa- 
J^n  point  *  itvler^oro  ihreyes.  •^A'*  is  a  receptive  field  (width,  1 1 
"  min  of  arc)  of  a.*itiii  in  the  ipsilateral  orleft  cortex;  the  left  eye  jras 
<fomtnant.  Ai|  other  receptive  fields  were  contralateral  to  the  i^ortex 
whe^^their  upits  lay  '  B"  is  a  monocular  field,  right  eye,  asiis  "Cr 
^  **D'*  is  rcom^lex  recSptivtf  field.  Here,  a  horizontal  bar  would  give  a 
response  anywhere  within  the  extent  of  the  field  deltneated  by  the 
horiatoittJ  dashed  lines.  This  receptive  fieW  aiso  stidwt  marked  habit* 
^  ,^ation.  **E"  f'^i  disk-sha^d  and  "f is  a  bar-shaped  binocularly  equal 
receptive  fieJi**  **r-shoA^ed  marked  habituation.  **g;'  *'H;*  and 
are  binocular]i^.ci|^t42^Wive  fields;  only  **G''  showed  strong 
^jhabiHuUion/^        .  \ 

spatial  plasticity  was  ;.lsd  observed  iij  some  receptive  fields.  There 
^-•afpciw*  to  b*a  systeniatic  dhangc  with  fixation  distance  of  some  re- 
j^ptiv?  ficHs  of  the  any^lar'diamctcr  and  the  angular  position  relative 
to  tifc  fixation  point,  it  may  involve  a  si/c  constancy  or  scaling 
*^  mechanism/*>\?"  , 

If  we^  going  to  investigate  plasticity  and  other  subtle  functions  of 
the  brain,  we  should^^^or  several  reasons,  do  it  in  man.  First,  there 
^,;^^)ppe4ii^Vo  be  s^^ii^^fcrencas,  even  between  man  and  monkeys,  in 
-  reeAj>tpte-f|eld  organisation.  Second,  man  not  only  cooperatet»  <vith 
^jj^mionied  lixatKm^^nd  specific  directed  ^ye  movements,  but  can  also 
'.Oe  directed  to  make  mental  effqtrts  i^n^  to  dUeribt:^rceptuai  re- 
sponses to  stimulation.  In  thtH  way,  the  r^lationshi|i*  m  terms  of  unit 
ictjvity,  between  simple  an0  c^mpfex  perceptual  tasfo,  such  as  reajl' 
;  / h^m^  \H /iffurlil  ba^s, can *e  inv0ti{(ated;.,      *  v  ' 
,  ♦  Future  j^e^elopments  in  rfcurosurgeiy  rfiaylrt).  rease  the  Hujmbef  of 
^4)0tcntial^volufiteers  foi  thee  perceptual-i^evrophysiologic  studies  by 
making  unit  ?vcer^M»g:yaluable  in  prognosis  and 4iagftqsis^if  p(\tcpi^r-. 
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\     atlvc  p^ticnU  with  evacuated  hemaloma  or  traumatic  encephalopathy. 
v^Jjiilwdlmg  mic^^ ^electrodes  that  probe  th^  neural  organization  of  the 
brain  Nhuuid  shed  more  hght  on  the  neurophysiologic  basis  of  p<;rcep- 
lual  disorders 
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Nonspecific  Visual  Projections 


'  |tf  ail  interdiscfplinary  discussion  cf  dyslexia^  two  categories  of  electro- 

.  phy^tylogic  data  on  the  visu;i1  system  of  animal  and  man  may  be  of 
iptitrc^t.  One  category  concerns  what  we  consider  the  primary  visual 
Jt!(stilfi{h  f^om  the  retina  to  the  cortical  receptive  area.  There  is  no  doubt 

:  tiwt  increased  kno.wMge  of  the  organization  and  functioning  of  this 
jpatHvi^ay,  corfimkrcAUit  the  retinal,  thalamic,  cortical,  and  collicular 

'-^^leyels^  is  c^ntill  to  clarify  some  of  the  major  problems  posed  by  dysv 
ic^a  (sec  thr reports  by  tJlick$tein,  p,  130,  and  Doty,  p.  143).  The 
other  catejfory  inctutfci  dat^r  related,  in  one  way  or  another,  to  olher 
visuill  projections  in  the^bfain.ThQ  study  of  i^e  primary  system  does 
not  encompass  iu  that  Wo  know  about  the  spVead  of  visual  information 
thrm^i  the.coiiex  oKubcortical  structures.  Animal  experiments  have 
clearii  indicated  f(A  more  than  20  years  that  visual  projections  (fxist  in 
many  stfuctures  wuts^e  the  piimary  pathway.  We  may  call  these  *'non- 
primarv[^<^r,  to  uk;  Ja'more  common  but  somewhat  misleading  term, 
•'npn^Npecifie/*  *         '  * 

It  isprecisgll,  when  ^considering  higher  integrative  processes,  such  as 
reading,  thai  one*  must  bear  in  mind  the  existence  of  nonspecific  pro- 
jc<Hions,/>p6tiaIlj; .because  many  of  the  **higher  functions"  (pattern 

,  l^cogoitiMh,  njcinorization,  association  processes,  and  so  on)  may  de- 
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I  |.  pcnd  on  these  nonspecific  projections  at  cortical  or  even  subcortical 
\  j  levels.  Xherefore,  it.seems  relevant  to  summarize  very  briefly  various 
>  observations  in  this  fidd.  Although  it  is  necessary  to  concentrate  on 
'  1  ^  ^,      functional  data;  I  shall  aiscuss,  first,  observations  on  the  "topograjShJc" 

extent  of  nonspecific  projections  and,  second,  results  indicating  their  * 

possible  role  itf  higher  integi^atlve  processes. 
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EXTENT  OF  VISUAL  PROJECTIONS  FROM  TOPOGRAPHIC  DA  TA 

Electroanatomic  studies  in  the  cat,  and  a  few  in  the  monkey,  have  indin 
cated  the  existence  of  visual  projections  to' various  stations  outside  the 
primary  pathway -mesencephalic,  diencephalic,  and  cortical.  It  is  true, ' 
however,  that  the  extent  of  such  projections  is  still  a  matter  of  discus- 
sion, la  fact,  their  apparent  extent  depends  heavily  on  experimental 
conditions,  such  as  physiologic  characteristics  (e.g.,  level  of  attention 
or  wakefulness)  when  free  animals  are  considered  and  type  of  prepara- 
tion (for  instance,  anesthetic)  when  '"^cute"  investigations  are 
performed. 

It  is  beyond  the  scope  of  this  brief  review  to  consider  all  these  topo- 
graphic data  and  discuss  the  anatomic  problems  that  they  raise.  But  it 
may  be  of  interest  to  point  out  some  aspects  as  an  introduction  to 
functional  considerations. 

At  the  reticular  level  of  the  mesencephalon,  the  data  show  visual 
inputs,  with  longer  latencies  and  far  greater  variability  than  in  the|)ri- 
m^ry  pathwax,  including  the  superior  co)liculus.^''^ 

Among  extrageniculate  thalamic  nuclei  that  respond  to  stimulation 
of  the  retina,  some  belong  to  the  "associative"  group,  as  defined  ana- 
tomically, such  as  the  lateralis  posterior  and  pulvinar.  Howevei",  visual 
responses  have  also  been  characterized  within  another  group  of  tha- 
lamic structures,  namely  those  belonging  to  the  group  of, nonspecific, 
diffusely  projecting  nuclei,  as  defined  through!  physiologic  methods  by 
Dempsey  and  Morison^®  and  later  by  Jasper^-^nd  others.  Anatomically, 
these  nuclei  include  intralaminar  nuclei,  midline  nuclei, :  nd  the  reticu- 
lar nucleus.  Heie  again,  the  electrical  visual  activities  recorded  are  much 
more  variable  and  display  longer  latencies  than  those  at  stations  in  the 
primary  system. 

At  the  cortical  level,  systematic  studies  irt  cats  have  revealed  a  variety 
of  projections  to  areas  outside  the  primary  receptive  field,  following 
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'  Nonspecific,  Visual  Projections 

diffuse  or  focal  illumination  of  the  retina.  Some  can  be  recorded  from 
the  associative  cortices:  in  the  cat,  the  suprasylvian  gyrus,  the  anterior 
lateral  area,  and  some  areas  on' the  medial  aspect^;  and  in  the  monkey, 
areas  in  the  frontal  lobe^  and  superior  temporal  ^yrus.^^-^  Such  re-  . 
spons^s  exist  also  in  the  motor  cortex,  a  fact  that  explains  why  light 
stimuli  can  elicit  pyramidal  discharges  in  some  experimentaf  conditions. 
Although  there  are  indications  that  some  of  these  cortical  inputs  Origi- 
nate from  associative  nuclei,  most  of  the  Cortical  extraprimary  projec- 
tions seem  to  depend  on  the  nonspecific  system-reticular  and  thalamic. 
The  exact  n9ture  of  this  dependence  is-unknown.  (See  Buser  and 
-Bignall^  for  discussion.)  .  • 

.  Pathways  from  nonspecific  subcortical  ceiTtcrs  also  project  on  the 
primary  visual  system  itself  at  the  geniculate  level,  from  the  reticular 
formation,^-^^  and  at  the  cortical  level,  from  various  mesencephalic  or 
thalamic  sources.** 

Finally,  almost  all  nonspecific  structures  throughout  the  brain - 
whether  reticular,  thalamic,  or  cortical  ''associative"  and  motor  area  - 
are  multi&ensory,  i.e.,  they  respond  almost  equally  well  to  visual, 
acoustic, .and  somatic  sensory  inputs. -  ^ 


FUNCTIONAL  DATA 

In  general,  thp  functional  meaning  of  the  nonspecitic  projections  of 
visual  input  is  largely  hypothetical.  Nonspecific  visual  projections  exist 
in  subcortical  structures  that  have  already  been  shown  to  be  essential 
Tor  regulating  states  of  alertness  (wakefulness  and  sleepX  That  is  espe- 
cially true  of  the  reticular  formation  of  the  brain  stem.  It  thus  follows 
that  visual  inputs  may  act  on  the  level  of  wakefulness  and  selective  at- 
teijtiveness  through  these  structures.  It  js  also  possible  that  the  general 
level  of  activity  of  the  nonspecific  system  may  control  information 
transfers  in  the  primary  pathway.  This  may  occur  thfoughji  facilita-" 
tion  of  the  visual  cortex  or,  electrophysiologically,  by  addition  of  a 
multisynaptic  late  visual  input  to  the  earlier  input  transmitted  through 
the  primary  channel.  The  importance  of  these  various  processcii,. which 
are  not  mutually  exclusive  but  complementary!  remains  to  be 
determined. 

Some  nonspecific  projei:tions  have  their  end-stations  in  conical  areas 
that  have  been  suggested  or  shown  to  be  essential  to  cognitive  integra- 
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tion  processes.  It  is  hypothesized  that  visual  nonspecific  information 
contributes  to  such  processes  of  visual  association  and  elaboration. 
From  older  theoretical  schemes  on  complex  brain  operations  (as  ini- 
tially suggested  by  Flechsig^^),  one  would  expect  associative  thalamic 
nuclei  to  play4l^e  major  role  in  conveying  visual  input  to  associative 
cortex.  But  that  does  not  seem  to  be  the  case,  inasmuch  as  the  major 
input  comes  from  nonspecific  nuclei.  The  fact  that  most  of  the  non- 
specific areas  are  basically  multimodal  may  be  important,  because  in- 
termodality  associations  constitute  one  of  the  prerequisites  for  cogni- 
tive or  decision  mechanisms. 

Let  us  now  consider  some  facts  relevant  to  these  functional  problems. 

Modulatory  Influence 

A  large  group  of  experiments  were  undertaken  to  demonstrate  the 
"modulatory"  influence  of  projections  from  the  nonspecific  system 
(as  elicited  by  electrical  stimulation  of  its  central  components).  Vari- 
ous macroelectrode''**'*^^  and  microelectrode'^'*'^^'^  studies  have 
shown  that  stimulation  of  the  reticular  formation  or  of  thalamic  intra- 
laminar  nuclei  can  modify  the  pattern  of  cortical  visual  responsiveness. 
Depending  on  the  experimental  procedure,  these  modulatory  influ- 
ences act  in  various  ways,  although  they  often  are  facilitating  father 
than  injiibiting.  This  is  the  case  with  the  visual  evokes!  potential  re-* 
corded  through  macroelectrodes  and  at  the  single-cell  ievel;  thus  the 
temporal  discrimination  of  cells  in  the  visual  cortex  of  cat  has  been 
shown  to  increase  during  stimulation  of  the  nonspecific  system. 

ParticipaJion  in  Input 

Another  category  of  data  emphasizes  the  participation  of  the  nonspe- 
cific system  in  visual  input  to  the  visual  cortex.  Many  studies,  per- 
formed on  animal  and  human  subjects  (in  the  latter  case  with  averaging 
autocorrelation  techniques),  have  suggested,  or  even  established,  that 
the  gross  evoked  potential  due  to  diffuse  illumination  of  the  retina  com- 
prises components  that  are  of  "nonspecific*'  origin.^' '^"'^'^^  These  com- 
ponents usually  appoflr.slower  and  later  than  the  othe.s,  which  represent 
the  activity  of  the  primary  input  to  the  cortex  or  of  the  cortical  neu-  . 
rons  that  are  directly  activated.  It  is  also  remarkable  that  these  late, 
slow  components  (whatever  their  number  and  shape)  are  far  more  sensi^ 
tiye  to  various  external  or  internal  pharmacologic  or  physiologic  factors. 
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'  and  that  (especially  in  human  studies)  their  cortical  localization  goes 
►  beyond  the  limits  of  the  visual  area. 

Correlation  with  Attention 

A  third  ffoup  of  data  are  related  to  possible  correlation^  between 
the  amplitude  of  the  cortical  evoked  response  to  visual  stimulation 
and  some  psychologic  factors,  especially  variations  in  selective  atten- 
tion between  visual  and  nonvisual  stimuli.  Many  earlier  data  were 
somewhat  controversial,  mainly  because  the  experimentaUonditions 
were  not  defined  with  sufficient  precision  as  to  the. direction  and  selec- 
tivity of  the  attentive  state;  recent  experiments  are  far  clearer  in  their 
conclusions. ^•2"»"»".2S.3<x32.37      summarize  these  data,  which  were 
usually  (but  not  always)  obtained  from  scalp  recordings  in  human  sub- 
jects, it  can  be  noted  that  gross  evoked  responses  to  light  (  I )  tend  to 
decrease  when  stimuli  are  monotonously  repeated,  i.e.,  when  a  decline 
in  visual  attentiveness  and  habituation  to  t+ie  stimulus  occurs;  (2)  de-  ' 
crease  when  a  subject  is  presented  with  nonvisual  stimuli,  i.e.,  when  his 
attention  shifts  toward  other  sensory  modalities;  (3)  are  correlated  with 
reaction  t4me  to  visual  stimuli,  faster  reactions  being  associated  with 
larger  responses;  and  (4)  increase  when  a  subject  is  visually  attentive- 
not  only  visually  starching,  but  also  perceiving  significant  stimuli. 

Using  a  vigilance  task,  Haider    a/.    could  force  subjects  into  one 
or^another  type  of  attention,  visual  or  auditory.  It  appeared  that,  when 
a  subject's  attention  was  directed  toward  visual  and  not  auditory  stim- 
uli, visual  responses  increased,  whereas  the  sound-evoked  potential  in 
the  temporal  lohi  not  only  declined,  but  also  developed  a  longer  la- 
tency. The  most  conspicuous  changes  in  these  experiments  invpJVed 
the  late  components  (peak  latencies,  160-300  msec),  i.e.,  th(/se  which 
originate  from  or  depend  for  their  amplitude  on  the  honspeoSfic  sys- 
tenf.  Such  results  cleariy  emphasize  the  essential  role  of  the^nonspecific 
system  in  higher  elaboratidrt  an(K$^ognition  of  visual  informah«ui  at  sub-' 
cortical, or,  more  probably,  cortical  static/rts  of  the  visual  primary 
sysl(yn.       .  ^  .      .  V 

^^a^TIONAt^tORRt'LATIONS 

The  last  group  of  investigations  to  be  dealt  with  hefejn  should  Concern 
the  functional  role  of  visual  projections  to  nx)nviTOah:ertex  -i.e.,  to 
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niotor  or  associative  areas  or  even  areas  that  are  primary  for  other 
modahties.  Actually,  there  arc  very  few  data,  if  any,  regarding  this  sub- 
ject. In  spite  of  evidence,  from  ablation  studies  in  animals  or  clinical  in- 
vestigations in  man,  of  impairment  in  visual  discrimination  ta^>ks  or 
visual  cognition  after.lesions  of  some  associative  areas,  no  consistent 
electrophysiologic  findings  seem  to  do  more  than  show  the  existence 
of  such  projections.  Except  for  the  fact  that  evoked  responses  recorded 
from  the  associative  or  motor  cortices  in  animals  display  larger  varia- 
tions t^  *n  those  recorded  from  primary  areas  under  various  psychologic 
conditions  (arousal,  habit\iation,  and  so  on),  true  functional  correlations 
remain  to  be  established,^  In  the  monkey,  for  example,  visual  responses 
have  been^ntifiecf,  as  mentioned  earlier,  in  the  parietal-temporal- 
occipital  area,  where  lesions  produce  major  impairment  of  visual  tasks. ^ 
Tentative  studies  of  electrophysiolpgic  correlations  in  this  field,  during 
visual  discrimination,^^  have  failed.  Thus,  more  data  are  retired  if  w.e 
are  to  understand  the  function  of  these  associative  projections/ 


PREFERENCES  .       '  •  .  . 

K  Albe-i^essard,  D.,  and  A.  Fessard.  Thalamic  integrations  and  their  consequences 
at  the  telencephallc  level.  Progr.  Brain  Res.  1:1 15-148,  1963. 

2.  Arden,  G.  B..'  and  U.  Soderberg.  The  transfer  of  optic  information  through  the 
lateral  geniculate  body  of  the  rabbit,  pp.  521-544.  In  W.  A,  Rosenblith,  Ed. 
Sensory  Communication.  Carr.liidge,  Mass.:  M.l.T.  Press;  and  New  York:  John 
Wiley  and  Sons,  r961.  844  pp.  *  . 

3.  Armtsngol,  V.,  W.  Lifschitz,  in'i  M.  Palestini.  Inhibitory  influences  on  primary 
and  secondary  cortical  photic  potentials  originating  in  the  lower  brain  stem. 

'  J.  Physiol.  159:451-460,  196l., 

4.  Bell,  C,  G.  Sierra,  N.  Buendia,  and  J.  P.  Segundo.  Sensory  properties  of  neurons 
in  the  mesencephalic  reticular  formation.  J.  Neurophysiol.  27.961-987,  1964;  . 

5.  Bignall,  K.  E.,  and  M.  Imbert.  Polysensory  and  cortico-cortical  projections  to 
frontal  lobe  of  squirrel  and  rhesus  monkeys.  Electroenceph.  Clin.  Neurophysiol. 
26:206-215,1969. 

6«  Bogacz,  J.,  A.  Vanzulh,  P.  Handler,  and  E.  Garcia-Austt.  Evoked  responses  in 
man.  11.  Habituation  of  visual  evoked  response.  Acta  Neurol.  L^t.  Amer.  6:353- 
362,  1960.  .   \^  ■ 

7.  Bremer,  P.,  and  N.  Stoupel.  Di$cu$sio4i  du  mecanisme  de  la  facilitation  reticulaire 
des  potentielsevoquescortlcaux.  J.  Physiol.  51:420-429,  1959. 

8.  Bruner,  J.  Afferenccs  visuellc5  non-primaires  vers  le  cortex  cerebral  chez  lc»Chat» 

Physiol.  57:Suppl.  12:1-120,  1965.  ; 

9.  Buser,  P.,  and  K.  E.  Bignall.  Non-primary  sensory  projections  on  the'cat  neo-  » 
'  .  "          cortex.  Int.  Rev.  NeurobioL  10:111-165,  1967.  '  * 


ii2 


Nonspecific  Visual  Projections 

t 

10.  Buscr»  P.,  and  J.  Segundo.  Influences  reticuJaires  somesthesiques  et  corticalcs  au 
niveau  du  corps  genouille  lateral  du  thalamus  chez  le  Chat.  C.  R.  Acad.  SOi.  ^ 
249:571-573,  1959.  .  ;  '  \. 

1 1.  Chi,  C,  C,  and  J.  P.  Flynn.  The  effects  of  hypothalamic  and  reticular  stimula-  '  ; 
tion  on  evoked  responses  m  the  visual  system  of  the  cat.  Elfectroenceph.  Chn. 
Ncurophysiol.  24:343-356,  1968.  .  . 

12.  Ciganck,  L.  Evoked  potentials  in  man.  interaction  of  sound  and'Might.  Electro- 
enceph.  Clin.  Neurophysiol.  21:28-33,  1966, 

13.  Cobb,  W.  A.,  and  G.  D.  Dawson.  The  latency  and  form  in  man^f  the  occipital 
potentials  evoked  by  bright  flashes.  J.  Physiol.  152:108-121,  I960.  '  •  / 

14.  Contamin,  P.,  and     P.'Cathala.  Reponses  clectro-corticales  de  Thomme 

^   normal  eveille  a  des  cclairslumineux.  Resultats  obtenus  a  partir  d'enregistre- 
ments  sur  le  cuir  chevelu,  a  Taide  d*un  dispositif  d*integration.  Electro^nceph. 
Clin,.  Neurophysiol.  13:674^694,  1961. 

1 5.  Copper,  R.,  W.  G.  Walter,  and  A.  L.  Winter.  Responses  io  visual,  auditory  and  j , 
tactile  stimuli  recorded  from  scalp  and  intracerebral  electrodes  with  electronic  . 
averaging.  Electrocnceph.  Clin.  Neurophysiol.  I4:296P,  1962.  / 

16.  Crculzfeldt,  O.,  and  H.  Akimoto.  Konvergenz  und  gegenseitige  Bceinflussung"^  , 
von  ImpuLsen  aiis  der  Retina  und  den  unspezifischen  Thalamuskernen  an  ein- 
zclcncn  Neuronen  des  optischen  Cortex.  Arch.  Psychiat.  Z,  Neurol,  196.520- 
538,  1958. 

17.  Crcutzfeldt,  O.,  and  O.  J.  Grusser.  Beeinflussung  der  Flirfimerreaktion  einzelner 
corticaler  Neurone  durch  elektrische  Rtii^e  unspezifischer  Thalamus  Kerne.  Proc. 
Inst.  Congr.  Neurol.  Sci.  3:349-355,  1959. 

18.  Creutzfeldt,  O  ,  R,  Spehlman.  and  D.  Lehmann,  Verandcrung  der  Ncuronak- 
tivitat  des  visuellen  Cortex  durch  Reizung  iter  Substantia  reticularis  mescncephali, 
pp.  351-363.  In  R.  Jung  and  H.  Kornhuber,  Eds.  Neurophysiologie  und  Psycho- 
physik  de&  visuellen  Systems,  Berlin-Gottingen^Heidelberg.  Springer-Verlag, 
1961.  524  pp.  ' 

19.  Dell,  P.  Correlations  entre  le  sy^teme  vegetatif  et  le  systeme  de  la  vie  de  relation. 
Mesencephale,  dienccphale  et  cortege  cerebral,  j.  Physiol.  44:471-557,  1952. 

20.  Dempsey,  E.  W.,  and  R.  S.  Moi*ison.  The  production  of  rhythmically  recurrent 
cprtical  potentials  after  localiz,ed  thalamic  stimulation.  Amer.  J  Physiol,  1 35. 
293-300,  1942.  '  .  ' 

21.  Donchip  E.,  and  L.  Cohen.  Averaged  evoked  potentials  and  intramodality 
selective  attention.  Electroenceph.  Clin.  Neurophysiol.  22.537-546,  1967, 

22.  Donchin,  E.,  and  D.  B.  Lindsley.  Average  evoked  potentials  and  reaction  times 
» to  visual  stimuli.  Electroenceph,  Clin. 'Neurophysiol,  20:217-223,  1966. 

23.  Dumont,  S.,  and  P.  Dell.  Facilitation  reticulaire  des  mecanismes  visuels  corti- 
caux.  Electroenceph,  Clin,  Neurophysiol.  12:769-796,  I960. 

24.  Flechsig,  P.  E.  Anatomic  des  menschlichen  Gehirns  und  Ruckenmarks  auf 
myelogenetischer  Grundlage,  Leipzig:  Thieme,  I92fl^^ 

25.  Garcfa-Austt,  1-.  Influence  of  the  states  of  awareness  upon  sensory  evoked 
potentials.  Flectrocncj^ph,  C1in.  Neurophysiol  Suppl.  24.76-89,  1963 

26.  Gerstein,  G.  L.,  f .  G,  Gross,  and  M.  Weinstein.  Inferotemporal  evoked 
potentials  during  visual  discrimination  performance  by  monkeys.  J.  Comp. 
Physiol.  Psychol.  65:526-528,  1968. 

27.  Groi»s,  (\  Q.,  P.  if.  Schiller,  C.  Wells,  and  G.  L.  Gerstein.  Single^unit -Activity  m 
temporal  assoi;iation  cortex  of  the^monkey.  J.  Neurophysiol.  30.833-843,  1967, 


PIERRE  BUSER 


164 


28.  Haider,  M/,  P.  Spong,  and  D.B.  Lindsley.  Attention,  vigilance,  and  cortical  evok«d« 
potentials  in  humans.  Science  145:180-182,  1964. 

29.  Hernandez-Peon,  R.,  C.  Guzman-Flores,  M.  Alcaraz,  and  A.  Fcmandez-Guardioli. 
Sensory  transmission  in  visual  pathway  during  "attention**  in  unanesthetized 
cats.  Acta  Neurol*.  Lat.  Amer.  3:1-8,  1957. 

30.  Horn,  G.  Electrical  activity  of  the  cerebral  corte.K  of  the  unanesthetized  cat 
during  attentive  behavior.  Brain.  83:57-76, 1960. 

31.  J^*|?cr^  H,  ^1.  Unspecific  thalamocortical  relations,  pp.  1307-1321.  In  J.  Field, 
^.H.  W.  Kfapoki,  and  V.  E.  Hall,  Eds.  Handbook  of  Physiology.  Section  J.  Volume 

11.  N^i^hyiiology.  Washington,  D.C.:  American  Physiological  Society,  1960. 

l;H3grto^.3       .  '  , 

32.  'Jpuvef;  M.,.5>;td  J.  Courjon.  Variations  des  rcponscs  visuelles  sous-corticales  au 
^urs  d^  lXtention  chez  Phomme.  Rev.  Neurol.  99: 177-178,  1958. 

,33.  Jung,"Itrtsychische  Funk'tionen  und  vcgetatives  Nervensystem  **a'*  Der  schlaf, 
pp.  650-684.  In  M.  Monnier,  Ed.  Physiologie  und  Pathophysiologie  d*8  Vegeta- 
tiven  NerVensystems.  Band  II.  Pathophysiologie.  Stuttgart:  Hippo krates-Verlag, 
1963.960  pp.      .  , 

34.  KomhA|bcr,  H.  H.  Zur  Bcdentung  mdltiscnsorischerihtegration  im  Nervensystem. 
Deuts?h.  Z.  Nervcnheilk.  187:478-484,  1965. 

35.  Levonian,  E.  Evoked  potential  in  relation  to  subsequent  alpha  frequency.  Sci- 
ence 152:J  280-1 282,  1966. 

36.  Mishkin,  M.  Visual  mechanisms  beyond  the  striate  cortex,  pp.  93-1 19.  In  R.  W. 
Russell,  Ed.  Frontiers  in  Physiological  Psychology.  New  York:  Academic  Press, 
1966.  26Upp. 

37.  Spong,  P.r  M.  Haider,  and  D.  B.  Lindsley.  Selective  attentiveness  and  cortical 
choked  respons^ to  visual  and  auditory  stimuli.  Science  148:395-397,  1965. 

38.  Steriade,  M.,  an  M.  Demetrescu.  Reticular  facilitation  of  responses  to  acoustic 
stimuli.  Electr5enceph.  Clin.  Neurophysiol.  1,4:21-36,  1962. 

3,9.  Vaughan,  H.  G.,  Jr.,  and  C.  G.  Gross.  Observations  on  visual  evoked  responses 
to  unanesthetiM^Unonkeys.  Electroenceph.  Clin.  Neurophysiol.  21;405P- 
406P,  1966.  ^  i 


DISCUSSION  .  ' 


DR.  ALPtRN.  ill  rfgard  to  that  flash-evoked  response  m  the  experimental  eye 
Jlclds,  yA}'dt  is  wiong  about  the  view  that  this  represents  projeoiion  along  the 
"  primary  pathways  i%ihc  occipital  cortex  and  then  to  some  associated  occipital 

pathway?  Would  that  not  be  the  same  way  of  looking  at  that? 
PR.  BUSER:  Ycs,  of  coursc,but  as  long  as  that  has  not  been  demonstrated,  my 
personal  i^vds  w«uld  favor  a  parallel  system  more  than  a  system  m  series  with  the 
.  visual  cortex.  That  is  based  on  niy  experience  with  cats. 
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Now,  can  we  jump  from  a  cat  to  man?  I  do  not  know.  That  is  why  we  have  to 
bt  cautious;  I  am  not  ready  to  jump  to  that  conclusion.  There  may  be  another  ex- 
planation or  this  in  view  of  Bignairs  Hading^. 
DR.  LINDSLEV;  What  about  the  effect  of  blinking  on  these  responses?  Does  this 

effect  happen  the  moment  you  get  the  pathway? 
DR.  BUSER.  No«  this  is  not  blinking,  I  am  sure.  Blinking  would  be  a  micromove- 

ment,  and  in  that  case  it  would  not  be  visual  information.' 
DR.  GAARDER:  If  you  were  to  push  your  nnding  to  the  extreme,  you  might  say 
that  an  eye  jump  is  also  an  evoked  response.  You  might  say  that  the  cortex  is 
like  a  giant  screen,  on  every  part  of  which  there  is  some  manifestation  of  a  re* 
sponse  or  an  increment  of  visual  input.  Then,  to  speculate  further,  perhaps  the 
input  from  one's  sensory jiiystem  is  manifested  in  soni»e  way  on  almost  every  part 
of  his  cortex.  This  is  going  beyond  any  thing  we  can  see. 
DR.  BUSER;  I  do  not  think  I  will  go  that  far,  because  to  me  there  is  a  great  differ- 
ence between  input  and  activity.  We  had  some  cortices  that  seemed  to  behave 
electrophysiologically  like  associative  cortex,  and  primary  cortices  that  behaved 
in  quite  a'different  way,  even  electrophysiologically.  The  difference^etween 
input  and  activity  mentioned  earlier  ts  chiefly,i  believe,  m  the  nonprimary  area. 
As  soon  as  you  entf  r  the  classical  domain~a  primary  system  -things  change  com- 
pletely. Even  evoked  responses  of  single  units  in  visual  areas-for  example,  to 
acoustic  stimulation-are  different.  I  do  not  want  to  say  that  the  whole  cortex 
has  equal  potential.-     ^  -  ^ 

DR.  LINDSLEY.  Every  single  muscle  is  connected  by  pathways,  if  you  are  willing 
,  to  pursue  this  deep  enough  and  take  the  connection  to  its  logical  extreme. 
DR.  BUSER:  Yes,  but  you  forget  about  the  long  connection  pathways.  We  do  not 
know  what  these  connections  do  when  they  arrive  upstairs:  they  are  projecting 
something  down.  We  do  not  know  much,  if  anything,  about  the  input-output 
function  at  the  corticocortical  level.       aware  that  this  kind  of  study  is  com- 
pletely artincial:  First,  we  are  climilffing  the  entire  retina,  and. that  ts  probably 
not  the  best  way  to  study  visual  functions; tihd  second,  1  did  not  show  macro- 
recordjng  activity,  because  in  that  case  1  would  be  showing  mostly  older  material.  , 
^  We  are  intending  to  look  further  for  the  maximal  possible  spread  of  informa- 
tion, and  I  ended  by  saying  that,  according  to  our  data,  some  of  the  spread  must 
be  modulated  by"^  primary  areas. 
DR.  RIESF^:  What  you  have  said  sounds  a  great  deal  like  the  class;cal  views  of 
Karl  Lashley.  I  wonder  whe.her  you  have  any  comment  on  recent  reports  by 
MacLean  et  al  (J.  NeurophysioL  3 1 :870-883,  1968)  that  he  is  getting  Visually 
evoked  activitilis  in  mohkeys. 
DR.  BUSER;  O^r  work  was  in  the  cat  and  involved  only  the  lateral  convexity  on  . 
the  medial  wall.  It  is  perfectly  clear  that  we  have  the  same  sort  of  projections 
as  his. 
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DR.  INGRAM  In  what  experimental  animal  sihialion  di)  you  gel  spread  of  evoked 
poienlials  inio  ihe  so-called  associalive  areas?  , 

DR.  BUSf  R  I  showed  the  nioslly  arlificial  con*lions  requited  for  Ihis  kind  of  . 
preparation,  bul  I  ihink  some  would  agree  (hat  you  can  also  gel  this  result  in 
normal  animals.  Some  functional  vaiiations. correlate  with  the  potentials* 
amplitude,  such  as  the  state  of  wakefulness  of  the  animal,  as  has  been  de- 
scribed  in  the  older  literature. 

The  general  idea  is  that  the  nonmimary  responses  are  much  more  like 
primary  responses  m  this  area  and  ^ch  less  sensitive  to  behavioraljggndtjions 
like  sleep.  Wakefulness,  and  so  on.  rfy  comparing  the  single-unit  response  m  the 
iionprimary  central  mediinum  oMtleus  of  the  thalamus  with  that  in  the  literal 
geniculate,  we  can  show  that  the  state  of  sleep  or  wakefulness  of  an  animal  is 
changing  all  the  time.  Of  course,  when  the  animal  is  strongly  aroused,  it  is  very 
difficult  to  record  something  outside  the  primary  fields. 
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Cerebral  Dominance  in  Perception 


Thi^  presentation  will  be  conccnicd  largely  with  a  review  of  some 
*  recent  evidence  obtained  by  Dr.  Ronald  Saul  and  me^  on  the  etleclN 
on  visual  perception  of  congenital  absence  of  the  corpus  callosum  in 
man.  The  behavioral  symptoms  seen  with  congenital  absence  of  the 
callosum  will  be  compared  with  those  produced  by  surgical  elimina- 
tion of  the  callosum  and  other  cerebral  commissures^  In  the  latter  casc> 
of  course,  the  iwo  hemispheres,  which  have  functioned  together  for 
years  wfth  the  channels  for  cross-communication  intact,  must  suddenly 
get  along  without  the  accjMsiomed  diWct  hnes  for  cross-talk.  With  con- 
genital failure,  [\k  hemispheres  must  get  along  from  the  very  beginning 
wkhout  the  normal  cross<ommunication>  The  increased  functional 
compensation  that  is  achieved  in  the  congenital  situation,  compared 
With  That  after  surgery  in  the  fully  developed  system,  will  give  us  some 
inyication  of  the  degree  of  functional  plasticity  that  exists  m  the  grow- 
ing  and  dcvelopmg  bram.  beyond  that  seen  in  the  fully  developed  braui. 

We  have  been  fortunate  during  the  last  year  in  having  available  for 
testing  and  study  a  patient  (S^K  j  recently  diagnosed  from  x-ray  studies  V 
to  have  complete,  agenesis  of  the  corpus  callosum.  We  had  seen  others 
in  the  past,  but  this  particular  patient,  first  seen  by  Dr.  William  Wnght 
at  the  Los  Angeles  County  General  Hospital,  has  one  of  those  very  rare 
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"aNvmploniatic"  cascj*.  no  signs  of  a1)normulit>  were  diHOVered  until  . 
the'age  of  19,  when  headaches  developed  after  an  acute  attack  of  hydro- 
*ccphalus.  The  patient  rccovcrvd  <uickly  with  treatment  Jlnd  returned  to 
college,  where  ^he    currently  a  sophomore  with  an  average  scholastic 
record (CN and  BsK 

It  was  our  first  thought  that,  even  though  no  tunctional  symptoms 
had  been  evident  tn  ordinary  behavior,  such  syinptomb  associated  wtth 
loss  of  the  corpus  callosum  could  probably  be  demonstrated  tf  wy  could 
get  her  into  the  laboratory  and  put  her  througl;  some  of  the  sencs  of 
testN  for  uiterhemisphenc  integration  with  which  we  had-bcen  success* 
fu]  in  recent  years  m  demonstrating  symptoms  m  surgiCtri  patients^ with 
cerebral  commissurotomy  (Figure  I )  Normal  .subjects  perform  these 
tests  without  ditficulty.  but  a  grotip  of  patients  of  Vogel  and  Bogen 
who  have  undergone  surgical  section  <^  the  corpus  callosum  and  ante- 
rior commissure  either  fail  completely  or  show  gross  impairment,^* 

Our  patient  went  through  evefy  te^t  without  hesitation,  performing 
easiK  and  apparently  at  normal  etficiency  task  after  task  that  had 
stopped  the  surgical  patients  1  will  run  through  a  few  examples  to  illus- 
trate the  kind^  ttf  lunctions  involved,  with  emphasLson  test  pertbr- 
man^Ch  that  iinoive  vision  and  language.  These  will  help  to  give  an  idea 
ol  the  tunctional  reorgaiii/ation  and  compensation  of  the  cerebral 
mechanisms  underlying  vision  and  language  that  arc  povsible  in  the  sttl| 
developing  and  growing  brain  but  not  in  the  fully  developed  brain.  This 
paiient  exemplifies  the  functional  plastii:it>  of  neural  maturation'  that 
is  presumed  basic  to  many  phenomena  ui  which  early  experience  iN  criti- 
cal in  the  shaping  of  adult  lu^havior 

Pitientsdepfivedof  the  corpus  c*alk>suin  by  surgery  are  unable  to 
desi  ibe  in  speech  or  writing  things  that  Ijiey  k'c  in  t|ie  left  half-field  of 
vision  Whereas  (hey  have  no  irouble  with  items  m*the  right  half*field, 
the>  LOUMstentlv  report  that  they  ^ee  nothing  w#en  stimuli  are  pre- 
sented on  Hie  left  side  of  the  vertical  mendian^  la  these  tests,  the  visual  * 
stmutli  are  flashed  at  l/IO  set  or  less  tu  prcvert  tjje  use  ol  rapid  eye* 
movements  to  get  the  stimuli  uito  the  oti    halMield-  With  further 
testing,  huwever*  il  becomes  evident  that  these  Lommiss'urotomy  pa- 
tients are  able  to  speak  Jbout  their  inner  experiences  fromx)ne  of  their 
hemispheres  onl>  specifically,  the  left  hemi^-phere.  generally  dominant 
in  right-handed  jH*rsons  C  her  kinds »»!  tests  show  that,  when  the  major 
hemisphere  reports  that  it  dui  not  s:^.'  a  left-lield  stimulus,  it  speaks  fof 
Itself  ainne»  and  that  the  stimulus  vvms  indeed  seen  and  often  well  com- 
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FIGUItE  I  Drsiwing  df  expcrimcnul  setup  u«ed  fo  demon^iau*  HifojectS  ability  to  comprc' 
liTfi^  a  Mimuiu%  ciHitlrwd  to  one  viuial  field 


I 

^ehcnd^     the  nontuiking,  the  mute,  or  nVinor  hemisphere  The  mi- 
nor l|c»nijphere\  comprchcnsk^n  is  expresised  in  nonverbal  tests  in 
whirfi  the  subject  selects  the  correct  name  ot  thctit^muiusor  a  match- 
ing picture  ^r  object  by  pointing.  Abihty  of  the  subject  to  retrieve  by 
touch  alone  cbjecls  pictured  in  the  left  half-field  and  emotional  re* 
$pon«»es  to  left  field  Mimtlh  also  'ihow  that  f 'e  left-rield  stimuli,  about* 
whk'i  the  subject  verbally  disclaims  any  knowledge,  are  actually  seen 
land  reco|^/cjl  in  the  minor  hemisphae.  Figure  1  %\\o>h%  M)me  of  the 
relation»ihip<uiagrammalic,a|iy..  '  '  » 

The  inn«/r  visual  world  of  thes<  subjects  haj!»  been  inferreJlrom  ^ich 
cviuejpfi.c  to  be  diVtiblc.  rather  than.singlc.  with  a  separate  conscious 
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^yisuai  aWjre'ness  iif  each  hemisphere.  The  right  and  left  inner  visual 
.  siflieres  lack' their  nornial  conscious  connection,  A  profound  absence  of 
awareness  in  each  h<>mi$pherj:  erf  the.mental  experiences  of  the  other  is 
^consistently  'ipVident  ifi'tli^  tes^        Along  with  the  immediate  visual 
i  perception,  visual  memories  and^lf  kinds- of  mental  associations  of  vi- 
sion wUhlanguage,  with  calcubtion.'and  with  other  sensory  modes  - 
including  toy  ch.  hearing,  and  olfaction -are  all  confined  to  the  same 
tiemisjjt^ere.    •       /  , 

_  Ntt  cvtdence-of  a  similar  separation  and  doubling  of  inner  experience, 
visual  or  otherwise;  was  found  in  Our  patient  with  congenital  absence  of 
';nhe  callosum.'She  gave  verbal  reports  from  either  visual  half-field  with 

no  hesitatibn.  She  was  able  to  fead  words  and  niynbers  across  ihe  verti- 
'  aal  meridiaft  with  tio  sign  that  right  and  left  halves  were  perceived  sep- 
^  arately.  Unlike  the'^pr^al  patients,  she  could  retrieve  with  either  hand 
objects  seen  in  either  visual  half-field.  She  could  add  and  multiply  pairs 
of  numbers  shown  oQe  in  the  left  and  one  in  the  right  half-field.  In  tests 
involving  stereognosjs^and  auditory  and  olfactory  input,  she  also  dis- 
played seemingly  normal,right-left  cross  integration. 
'*The  extent  to  which  functional  compensation  has  been  achieved  in 
|his  patient's  vision  is  perhaps  best*illustrated  by  tests  thiit  involved  the 
rapid  reading  of  words  presented  tachistoscopically,  part'of -fhe  word 
tojhe  left  and  part  to* the  right  of  the  vertical  midline.  For  example 
(see  Figure  3i  the  letters  "a  b"  migh^fall  in  the  left  field  for  projection 
to  the  right  hen\isph«re,  ajid  the  letters  "o  v  e"  in  the  right  field  for  pro- 
jection to  the  left  liomiisphcre.  In  the  same  list  may  be  other  words  like 
*'stout,"  \'only,"  aii^'rely,"  so  that  the  subject  cannot  use  the  left  or 


LYE  \ 

ABOVE  ^ 

ST, OUT        .  ^ 

ONLY 
RELY  ' 
AL  IGN 

FlGimi:  3.  List  of  words  used  to  test 
RE  IGN  subject's  ability  to  integrate  stimuli 

'  coming  from  left  and  right  visual 

ALLY  iicldv 
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right  part  of  the  word  to  cue  in  the  whole  word.  Even  the  pronuncia- 
tion of  a  syllable  or  two  seen  on  one  side  of  the  vertical  meridian  often 
cannot  be  inferred  without  consideration  of  the  rest  of  the  word,  on  the 
other  side.  Both  parts  of  the  word  must  thus  be  taken  into  account  and 
integrated  into  a  proper  whole.  S.K.  wa>  able  to  read  these  words  with 
the  mixed  right-left  input  promptly  and  as  well  as  with  the  unified 
right  or  left  input. 

We  can  see  the  extent  to  which  callosal  compensation  had  been 
achieved,  but  we  cannot  yit  explain  it  satisfactorily.  The  radical  dif- 
ference in  the  functional  symptoms  produced  by  congenital  and  by 
surgical  separation  of  the  "hemispheres  appears  to  be  a  direct  reflection 
of  the  greater  plasticity  of  the  developing  nervous  system,  compared 
with  the  fully  developed  system.  The  underlying  factors  responsible  are 
very  likely  basic  to  many  of  the  more  general  phenomena  that  illustrate 
the  functional  plasticity  of  neural  maturation.  Any  insight  mto  the 
underlying  neural  factors  in  this  or  any  other  situati  on  would  have  im- 
portance for  the  whole  field  of  developmental  psychobiology,  with 
wide  implications  extending  into  ethology,  psychiatry,  pediatrics,  and 
other  disciplines  concerned  with  the  effects  of  early  experience  on  adult 
beliavior.  '  ^ 

To  account  for  the  compensation  achieved  in  patient  S.K.,  we  had 
best  start  by  reaffirming  the  absence  of  any  readily  appar  ^t  explana- 
tion. Her  normal  or  near-normal  performance  on  the  tests  mentioned 
remains  puzzling  and  difficult  to  account  for  in  terms  of  the  anatomy 
and  physiology  of  known  neural  {Pathways.  Although  the  anterior  com- 
missure often  is  also  absent  in  such  cases,  it  appears  to  be  present  in  this 
n^rson,  judging  by  her  x-rays,  and  to  be  slightly  enlarged,  as  is  not  un- 
common among  cases  of  agenesis  of  the  corpus- callosum*  The  extra 
fibers  in  the  anterior  commissure  might  thus  be  a  contributing  factor. 
However,  these  extra  fibers  probably  total  less  than  2%  of  the  missing 
callosal  system  and  have  only  indirect  cro^s-connections  for  many  of 
the  functions  testec|.  Accordingly,  we  must  look  much  further  for  a  full 
explanation.  The  hippocampal,  posterior,  and  other  cerebral  commis- 
sures apparently  are  not  subject  to  hypertrophy  in  callpsal  agenesis.^  In 
an  asymptomatic  case  examined  microscopically  by  Slagcr  e/(i/.,*  the 
two  hemispheres  were  found  to  exhibit  an  essentially  typical  cytoarchi- 
tecture,  except  for  the  missing  commissure  fibers.  The  histologic  exam- 
inations described  to  date,  however*  have  generally  been  rough,  and 
they  do  not  rule  out  the  presence  of  lan  enricliment  and  Elaboration  of 
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commissures  and  decussations  at  midbrain  and  lower  levels. 

To  account  for  the  observed  degree  of  functional  compensation  in 
S.K.,  it  would  seem  necessary  to  postulate  at  least  a  functional  elabora- 
tion of  brain-stem  and  perhaps  lower  cross-connection  systems.  The 
thinness  of  the  cerebral  aqueduct  and  the  ease  with  which  it  becomes 
blocked  make  one  wonder  about  the  presence  of  an  atypical  hyper- 
trophy among  the  midbrain  centers.  In  addition  to  a  purely  functional . 
reinforcement  of  whatever  connection  possibilities  exist  at  these  lower 
levels,  there  might  also  be  purely  embryonic  reactions  associated  with 
the  agenesis  of  the  neocortical  system  that  would  make  for  an  en- 
hanced'develop.nent  of  the  older  brain-stem  systems  that  handled 
higher  visual,  auditory,  somatesthetic,  and  other  functions  before 
the  neocortex  evolved. 

Hypertrophy  or  functional  reinforcement  of  the  normally  weak 
ipsilateral  sensory  projection  system  would  go  idx  to  account  for  the 
observed  compensation.  Thr  behavioral  results  of  early,  compared  with 
Jate,  hemispherectomy  illustrate  the  capacity  for  such  development  in 
the  somatesthetic  system.  1  le  ipsilateral  auditory  and  kinesthetic  com- 
ponents are  already  highly  developed,  and  their  enrichment  would  seem 
to  offer  no  problem.  To  attain  an  adequate  ipsilateral  function  in  the 
visual  mode  would  pose  the  greatest  problem,  and  for  present  purposes 
we  can  focus  on  the  observed  visual  cross-integration  and  possible  ex- 
planatory factors. 

The  observed  ability  of  S.K.  to  rapidly  read  words  that  fall  partly  in 
one  half-field  and  partly  in  the  other  seems  to  imply  that  the  ipsilateral 
half-field  had  become  projected  into  the  same  hemisphere  as  the  oppo- 
site half-field.  It  follows  that  both  half-fields  must  be  closely  integrated 
with  speech,  also  in  the  same  hemisphere.  Possible  anatomic  pathways 
for  this  are  not  easy  to  see. 

One  remotely  possible  pathway  for  such  cfoss-integration  is  the 
anterior  commissure.  This  commissure  cross-connects  the  temporal 
lobes  that  are  known  to  be  involved  in  vision.  The  route  is  indirect, 
however,  and  it  is  unlikely  that  the  requisite  sensory  information 
could  be  transmitted  in  sufficient  detail  to  permit  one  hemisphere 
to  read  letters  projected  from  the  other  hemisphere  through  the 
anterior  commissure. 

Better  possibilities  probably  can  be  found  in  cross-corvnections  at 
midbrain  levels  associated  with  visual  function  in  the  suptrior,.coIlicular, 
pretectal,  and  pulvinar  systems.^  Before  evolutionary  development  of 
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the  neocortex,  the  midbrain  systems  carried  out  visual  integration  Ht 
the  highest  levels.  The  upper  levels  of  midbrain  vision  in  present  mam- 
mals are  difficuit  to  assess^because  of  close  interaction  with  the  nco- 
cortex.and  dependence  on  cortical  connections.  In  any  case,  it  is  im- 
portant that  visual  deficits  produced  by  neonatal  removal  of  occipital 
lobes  are  much  smaller  than  those  produced  by  adult  removal.*®  We 
are  speaking  here  mainly  of  the  focal  identifying  type  of  vision,  rather* 
than  the  orientational  sort  more  characteristic  of  the  midbrain  in  the 
cortically  intact  mammal. 

Assuming  that  a  latent  potential  for  high-level  focal  vision  in  the  mid- 
brain may  be  evoked  by  agenesis  of  the  callosum,  as  well  as  by  early  cor- 
tical damage,  there  would  still  remain  the  problem  of  getting  the  refined* 
pattern  information  for  reading  small  letters  across  the  Thidline,  up  to 
the  cortex,  and  integrated  with  the  contralateral  information  for  a 
verbal-readout. 

In  our  latest  tests  for  visual  cross-integration,  I  have  used  only  two-* 
and  three-letter  Words,  in  an  effort  to  avoid  the  variables  introduced  by 
peripheral  vision.  The, initial  scores  of  S.K.  under  these  conditions  show 
an  encouraging  difference  between  the  lateral  unified  input  and  the 
mixed  or  combined  right-left  input,  indicating  that  in  these  near-thresh- 
old performances  that  might  separate  midbrain  from  direct  cortical 
channels  she  handles  the  left-field  input  better  than  either  the  right-field  * 
or  the  combined  right-left  input. 

,  The  question  arises  of  whether  speech  is  bilateralized  iivthis  patient, 
Conclusive  evidence  is  lacking.  She  Is  ambidextrous  to  a  high  degree,  as 
is  often  the  case  in  patients  with  agenesis  of  the  callosum.  For  example, 
she  writes  mainly  with  her  left  hand,  but  she  uses  scissors  better  with 
her  right  hand.  Some  preliminary  evoked-potential  records  taken  during 
visjjal  performance  suggest  that  only  her  left  hemisphere  is  active  in 
vision.  It  is  conceivable  that  speech,  somatesthesis,  audition,  and  vision 
are  all  handled  in  a  single  dominant  left  hemisphere.  This  fits  with  the 
findings  on  near-threshold  reading  of  words  from  combined  right-  and 
•left-field  input. 

Regardless  of  whether  speech  is  bilateralized  or  is  developed  only  in 
a  dominant  hemisphere,  there  are  indications  that  in  S.K.  speech  has 
been  developed  at  the  expense  of  other  mdml  faculties,  such  as  spatial 
perception.  After  we  had  established  the  lack  of  functional  deficits  \f\ 
the  regular  series  of  tests  used  to  demonstrate  cross-integrational  symp- 
toms after  commissurotomy,  we  started  to  administer  other  types 
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tests -nyore  generalized  tests  aimed  at  the  upper  limits  of  various  mental 
and  sensodmotor  faculties,  regardless  of  lateralization,  following  the 
approach  oCJeeves.J  The  results  to  date  are  only  sug''**stive,  but  they, 
begin  to  poirk  to  subnormaPfunction  in  a  number  o»    ;nYerbal  capac- 
ities. S.K.  fairl^onsistently  does  better  on  verbal  tasks  than  on  per- 
formance or  percSotual  tasks.  She  also  draws  poorly  and  has  difficulty 
with  geography,  blob^design  arrangements,  and  matching  patterns-all 
specialties  of  the  mino^iemisphere  in  typical  right-handed  persons. 

At  this  stage,  our  evideh^e  suggests  a  distinction  between  two  some- 
what different  types  of  cross-integrational  functions  mediated  by  the 
corpus  callosum:  those  which  can  be  compensated  for  in  congenital 
absence  of  the  corpus  callosum  and  those  for  which  compensation  is 
more  difficult  or  impossible:  The  kinds  of  functions  for  which  com- 
pensation is  achieved  involve  the  more  direct  sensoi:y  and  motor  cross- 
inteffations  that  were  carried  out  at  subcortical  levels  before  evolution 
ofxhe  neocortex.  When  the  neocortical  system  for  vision,  normal  stere- 
ognosis,  and  other  functions  evolved,  their  cross-integrational  mechan- 
isms also  had  to  be  moved  upstairs.  The  kinds  of  cross-integrational 
functions- for  which  compensation  is  noiSb  easily  achieved  are  those 
associated  with  cerebral  dominance  and  the  lateral  differentiation  of 
higher  mental  faculties  that  is  peculiar  to  the  human  brain.  Particularly 
affected  are  performances. thiit  depend  on  the  mental  faculties  spe- 
cialized in  the  minor  hemisphere. 

If  S.K.  has  double  speech-  that  is,  bilateralized  development  of 
speech  in  both  hemispheres- or  if  speech  in  her  dominant  hemisphere 
has  no  direct  cross-communication  with  the  other  hemisphere,  the 
results  are  much  the  same.  In  either  case,  there  is  a  handicap  in  that 
the  verbal  activities  cannot  be  so  well  reinforced  by  functions  for  which 
the  minor  hemisphere  is  normally  specialized,  owing  to  lack  of  cross- 
talk in  the  former  cak  and  'o  intrahemispheric  competition  in  the  lat-  " 
ter.  These  functions  ofttv^minor  hemisphere  seem  to  include  spatial 
and  orientatiohal  ac^tivities,  abstract  thinking,  and  creative  mathemati- 
cA  and  geometric  abilities,  all  of  which  normally  would  cooperate  with 
and  emCellish  the  verbal  hemi,si)herc  through  the  corpus  callosum.  It  is 
pertinent  that,  according  to  the  literature,  even  the  least  symptomatic 
subjects  with  agenesis  of  the  corpus  callos^um  have  not  been  brilliant  or 
even  above  norn>al  in  intellect.  The  current  view  is  that  they  attain  me- 
diocre antejligcnce  at  the  most,  although  they  may  be  highly  verbal  and 
even  multilingual.  -  '  * 
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The  interpretation,  that  loss  of  the  corpus  pallosun)  prevents  ceinforce- 
ment  by  minor  hemisphere  functions  fits  also  with  results  of  some  re- 
cent work.^  We  have  considerable  evidence  that  the  functions  of  the 
minor  hemisphere  are  sufficiently  -different  in  kind  from  those  of  the 
majpr  hemisphere  that  the  two  tend  to  conflict  and  interfere  with  each 
other,  making  it  a  real  advantage  to  put  the  two  types  of  activity  in  ' 
separate  hemispheres.  The  minor  hemisphere  seems  to  be  a  specialist 
at  configurational,  spatial,  synthetic,  and  geometric  activity,  whereas 
the  major  hemisphere  is  specialized  for  sequential,  verbal,  logical,  and 
analytic  activity.  Jhe  two  functions  do  more  than  compete  for  brain  , 
space  in  evolution;  the  basic  difference  in  the  nature  of  their  organiza- 
tion Imeans  that  excellence  in  one  tends  to  interfere  with  top-level  per- 
formance in  the  other.  On  the  basis  of  evidence  collected  from  patients 
'  with  congenital  and  surgical  absence  of  the  corpus  callosum,  as  well  as 
from  the  literature,  this  fundamental  antagonism  in  the  nature  of  these 
modes     brain  functipns  might  be  a  causal  factor  behind  the  evolution 
of  cerebral  dominance  and  lateral  specialization. in  the  human  brain. 

What  meaning  this  may  have  ^oi  problems  of  dyslexia  rem  uns  to  be  ^ 
seen.  One  wonders  whether  a  possible  factor  in  dyslexia  is  an  overly 
strong  or  extensive,  perhaps  bilateral,  development  of  the  verbal,  major- 
hemisphere  type  of  organization  that  tends  to  interfere  with  .an  ade- 
ni!:ite  development  of  spatial  gnosis  in  the  minor  hemisphere.  The  facts 
that  gengral  verbal  capacity  tends  to  be  good  in  dyslexics  and  that  the 
frequency  of  dyslexia  is  higher  among  left-handed  persons  would  fit 
such  an  interpretation.  Extra  training  in  spatial  gnosis  with  special  ref- 
erence to  alphabet  patterns  and  the  troublesome  letters  and  words  sub- 
ject to  directional  reversals  would  seem  a  natural  approach  to  these 
p/oblems. 

Original  work  reported  here  was  supported  by  U.S.  Public  Health  Service  grant  MH 
3372  from  th^  National  Institute  of  Mental  Health  and  by  the  F.  P,  Hixon  Fund  of 
the  California  Institute  of  Technology. 
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DISCUSSION 


DR.  INGRAM:  I^uggcst  that  the  dyslexic  individual  is  faced  with  several  problems 
in  addition  to  the  spatial  relationships  that  he  cannot  visualize.  He  also  requires 
some  teaching  in  terms  of  auditory  concepts^  because  this  function  is  in  the 
hemisphere  that  is  functioning  best  and  that  should  be  concentrated  on. 

DR.  MASLAND,  Dr.  Ingram  has  suggested  that  there  is  a  very  important  additional 
'element  in  the  problem  of  reading.  It  is  not  merely  a  matter  of  recognizing  the 
shape  of  an  object*  but  the  establishment  of  an  association  between  the  shape  of 
an  object  and  a  verbal  sound  infarmation  element.  That  function  has  already 
been  established  in  the  left  hemisphere  of  the  average  child,  and  it  seems  to  me 
that  the  fundamental  problem.of  the  dyslexic  child,  particularly  the  child  who  is 
having  letter  reversals,  is  the  necessity  of  establishing  a  r£lationship,belween  a 
visual  spatial  function^  which  is  most  likely  mediated  in  the  right  hemispherc> 
and  a  language  function,  which  has  already  been  established  in  the  left  hen}i- 
sphere.  The  problem  is  to  develop  techniques  whereby  spatial  functions  are  dis- 
sociated from  the  language  functions  of  the  left  side. 
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DR.  INGRAM  There  is  a  possibility  that  this  dyslexic  schoolchild  would  be  taught 
by  the  so-called  "look  and  say"  method.  I  think  that  would  be  disastrous.  This 
child  has  to  be  taught  to  relate  the  visual  symbol,  as  Dr.  Masland  says,  to  the 
spoken  syllabi^.  I  think  by  the  stage  of  learning  to  read  the  child  improbably 

.)  able  to  recognize  the  visual-symbol,  but  not  to  relate  it  to  the  auditory  Symbol, 
Therefore,  you  (uve  to  work  with  a  phonic  approach,  and  establish  the  phonic 
relationships.  1  am  trying  to  point  out  that  it  is  difficult  to  short-circuit  a  Tunc-* 
tion  that  ypM  think  is  not  there. 

DR.  SPhRRY:  I  was  referring  spciifically  to  the  perception  of  spatial  relations 
during  e^.ly  learning  of  reading  and  writing,  when  letters  and  wof  ds  tend  to-be 
reversed,  and  did  not  mean  to  im*ply  a  general  application  to  reading  afoiid  and 
to  all  forms  of  dyslexia.  • 

DR.  MASLAND  Maybe  it  is  unwise  to  generalize, but  for.a  person  to  learn  to  read, 
obviously  he  has  to  have  the  ability  to  see,  he  has  to  be  able  to  analyze  and<xcc' 
ognizc  the  material  being  seen,  and  he  must  be  able  to  associate  that  object  with 
an  auditory  symbol.  ^ 

PR.  BERING;  The  auditory  counterpart  is  not  necessary.  It  has  been  brought  up 
here  that  people  can  learn  to  read  without  it  if  the  hemispheres  are  intact.  There 
are  auditory  and  spoken  relationships  with  reading,  but  neither  is  absolutely 
necessary.  ^ 
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Receptive-Field  Estimation  and 
Perceptual  Integration  in  Human  Vision 


In  the  visual  system,  the  sensory  coding  of  luminance  differences  is 
based  on  the  organization  of  receptive  fields  in  two  neuronal  subsys- 
tems, *'B"  and  "D,"  sending  reciprocal  information  from  the  retina  to 
the  brain.  ThQ  B  system,  consisting  of  on-center  neurons,  signals 
"brighter,"  and  the  [^system,  consisting  of  off-center  neurons,  signals 
^^da^rkcr."^'**  The  coding  of  C9ntrast  is  accomplished  by  lateral  inhibi- 
tion and  activation:  B  neurons  are  inhibited  by  illumination  of  their 
receptive-field  surround,  and  D  neurons  are  activated. 

The  receptive  fields  of  visual  neurons  in  animals  and  man  hava  been 
investigated  mainly  by  three  researofi  methods:  the  extent  and  organiza- 
tion of  the  retinal  areas  projecting  to  individual  neurons  were  deter- 
mined, the  transformation  of  (^e  receptive-field  organization  was  stud- 
ied at  different  levels  of  the  central  visual  system,  and  indirect  estimates 
of  the  size  of  receptive  fields  in  man  were  obtained  and  correlated  with 
results  from  animal  experiments. 

The  first  method  was  inaugurated  by  Hartline,**'*^  who  defined  a 
receptive  field  in  the  frog  a§  that  area  on^e  retina  within  which  illum- 
ination activated  or  inhibited  an  optic-nerve  fiber.  This  concept  was 
^particularized  by  the  description  of  lateral  inhibition  in  Limulus,  It  was 
further  refined  in  experiments  by  Kuffler"  and  others  on  the  antagon- 
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istic  organization  of  field  center  and  surround  in  cats  and  monkeys.  The 
second  method  was  introduced  in  1959  by  HubeK  WicseL  and  Baum- 
garrncr/who  studied  the  neurons  of  the  retma,  the  lateral  geniculate^ 
nucleus,  the  primary  visual  cortex J^  '*'  and  the  paravisuarcort~ex^~^ 
(areas  18  and  1 9)  in  the  cat.  Similar  neuronal  recordings  from  cortical 
cells  in  man  by  Marger  dL^**  arc  discussed  elsewhere  in  the  proceed- 
ings. The  third  method  was  developed  by  Baumgartner,'  who.  fro!r.  his 
dwuvM  experiments,  derived  indirect  procedures  for  investigating  human 
receptive-ti;'|doxganizatil)n.  The  following  report  is  concerned  mainly 
with  this  thin!  line  of  research  in  man;  however,  for  a  better  ^hcplana- 
tion  of  the  banc  neuronal  mechanisms,  it  will  also  include  some  related 
results  obtained  in  animals.  In  human  vision,  we  are  virtually  restricted 
to  the  psychophysical-ttpproach:  — 


RECEPTl     FIELD  ESTJMA  TION  IN  MAN  B  Y  HER  MA  NN  'S  GRID 

A  simple  method  of  determining  the  size  of  visual  receptive  fields  in 
man  is  by  means  of  contrast  patterns  viewed  from  different  distances  or  * 
under  different  angles.  BaumgartnerJ  using  the  Hermann  grid,^**  was 
the  fir^t  to  measure  foveal  field  centers  in  this  manner  (Figure  I),  Sev- 
eral workers  from  our  department  Kornhuber  and  Spillmann,^^-** 

.  Sindcrmann  and  Pieper,'''  and  others  have  since  estimated  the  size  of 
field  centers,  as  well  as  surrounds,  by  this  or  rejated  indirect  methods. 
With  the  grid  technique,  receptive-field  centeni  in  the  fovea  were  found 

'   to  be  25-30  /i  in  diameter,  and  centei-s  plus  surrounds,  about  50  /i. 
These  values  correspond  to  5-10  min  of  arc  of  angular  projection, 
Receptive-field  centers  in  the  extrafoveal  regions  of  the  eye  appear  to 
be  much  larger.  Mean  diameters  increase  linearTjT  toward  the  periphery, 
doubling  their  size  from  1 .5  to  3  deg  between  20  and  60  dog  of  retinal 
eccentricity  (Figure  2), 

BryngdahPs  data^  referring  to  sine-wave  contrast  patterns  yield 

i  ^diartieters  of  20-100  /i  for  foveal  and  parafoveal  fields  and  agree  with 
results  obtained  by  Baumgartner'  and  Sindermann  and  Pieper^'^  with- 
different  methods.  Direct  measurements  of  receptive  fields  of  a  small 
number  of  human  cortical  cells  were  reported  by  Marg  ct  al  They 
were  in  extrafoveal  regions  and  appeared  to  have  ill-defined  borders. 

Hermann  grid  stimulation  of  concentric-field  neurons  in  the  lateral^ 
geniculate  nucleus  and  primary  visual  cortex  of  the  coLshows  strongly 


Receptne-helil  t^trtnun^M  ami  Pen  cpniul  lnU^,fUUun  m  lluman  l  mm 


Tlic  ikfnunn  |nU  (ai  4nd  lh<  Auay  ol  *hji«  vuipc*  lbnkc4  b>  dMk  Minuuna^  «b>  aic  moUiIic*!  ^Mifciniis 
of  c\p(fimcniAt  fMtl<tn%  uv:d  in  \\jdvc\  by  B^umiputntf '  4fttl  Smdcfmumn  ^nd  IVepci         In  ihc  Ikr 
nunn  jt«d.  grAy  ^pou^fc  ^ren  ji  ihc  inic(«evlH>n%o(  rt»c  *hiicr  banv  cucpi  nkhcn  (ttalol  fmc^lv  I  hi* 
pci«lijuH>  tan  \K  cHpbintd  by  fCctpinrficW  ttntct^  of  difrcnrnt  «ic  ftoic^non^    :ctt!piiK  aft 
«hown  tn  f^o  viidcjii  puMlicm%  Ihc>  lilu^iiaic  vchcmataaHy  ho  a  dttic^mc^  m  uicial  mhibuion  fn4y 
aitount  foi  ilw  itiiUninit  b>  pioducing  t*kut  4*  muih  ocuionAi  aviivaiion  <    *  on  b4Jv  ^^umpjocd  ^Wh 
sntcfKCtiQm  i     in  the  fo%C4.  tnepf fi^Mv  ai«  muvh  smx\Ut  \hm  m  the  cxitafo^cjl  icitrtt  Onsc 
qilcnit^ .  ihcii  tnhlbitoiy  M4f  rounds  lu*c  MmiUt  cHci^iv  v^hvihrt  dlumauicd  b>  b4iM»f  micr^caion'*  / 
(w  tfVdmpk  m  bj)  «b)  rhf  piojfe  iion  of  4  Ion:*!  mvpu^e  Jic*d xhov^n  in  ddlcicm  pu^ttonv leUiuc 
to  4  *hilc  \m  ol  VMiTtou^  *idth  <bj>  MA^tm4l  bi»|;]hinc**<**i  d«€  lo  4  moiimom  ui  UUfal  inhibiuon 
occurs  *htfn  ihc  4n|rut4f  m/c  of  the  *b»itf  anpe  4ppio^i'm4fe\  01  fn4iwbcyhcdumf:itfi  of  the  ivccp  c»e 
field  vvnlci  Ibj)  in  ^hlcf  Unprv  4 1»4>  vfnlf,il  Mn4l  r  in  net  ioniuu*'i  1^  wn  4iviimp4nicd  b>  r  - 
huicird  vuntovr^  on  ciehtri  mJi?  i'  bo(dcilonlr4U' )  It  indii4ic^  loc4i  diff^cn^CMn  lout  ncuional  4iK- 
*4tion  re^uUiDf  from  complete  or  p^iiul  biet^i  mhibiiion  ib  ^1  ^fch^n  «bc  dotncici  of  the  Kicpdvc  f»crd 
equals  ihe  4ngul4i  widlh  of  ibe  nhilc  uiipi:  mn<*i  Loniua  u  mo*i  dMtnvi  iSomviimcs  m  \4n  K  4fui 
oburnteit  in  the  iufnt^nn  prid.  m  4ddtiton  lo  ihc  dAikcntn^  4\  Jbc  mfctMniiiin  »  lo  h*c  iHc  y4(K»u%  vm 
plie)vmcn4.      dioutd  look  jt  I  ij^urt-  1 4  liom  di^fanit^  r^ngm^^  fiom  U»  lo  60  i.*n  • 


reduced  u  sptVnsc  ratisat  intersections  and  alalive  enhjuccniciil  tor 
"  Cither  ol  the  two  Imiw  <  I  igure  3  i  These  neutophv  Mvjlvtiiit  k  suUn  ^-tin 
pure  tdvorabl^  wilh  apparent  brightiwss  ditlerenceMfi  fipman  visum  ^'^ 
In  contrast,  a  ^>ubjCi.tive  vorrelate  ol  teccptive  lields  wUh  obioni?  Iuiitis 
and  elongated  aves,  descnlH:d^H  WnhcX  and  WiescJ'^  tn  area  I  7  t^t  the 
cat.  cani^ol  be  ascertained  in  man  b\  the  grid  tcilinique     In  als,  jind 
•stimulation  of  these  *  simpk  liefd"  neur'nis  produ^ies  neuronal  enhance 
ment  only  in  bars  that  m  position  and  onenljiiun  coinvidt  vtjth  then 
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Horfzontal  d»stq nee  from  fixation  point 

i  JGURL  2  lowcf  «nd  upper  (hrctholds  for  (he  Hermann  grid  illusion  £$a  ^ 
function  of  retin»l  eicentncity  (from  SptUmann^^).  The  Hi^rmann  guds  m  trib 
experiment  (olhcr  th^n  in<rtgufei- 1  jnd  3)  con«iMed  of  bUck  bars  presented 
again^l  a  vvhite  background.  Grid«  of  various  %\xv^  width  were  shown  at  differ- 
ent horuohtal  distances  from  the  fixation  pomt.  Observations- by  one  subject 
wcte  made  with  aiiificul  miosis  to  compensate  for  hyperopia  m  the  peripheral  . 
retina.  The  ailtcal  bar  width  at  which  the  Illusion  appears  (circks)  or  disappears 
<dot«»)  increavcs  almoM  linearly  with  eccentricity. 


rcccptivc-ficid  axes.  Also,  iess  response  diminution  is  found  at  grid  / 
intersections,  except  in  iarge  receptive  fields. J 

•  7 


HKCkPTIVK  FlElD  ESTIMATION  BY  APPATlENT MOTION 

Wertheirner's  apparent  motion^^  elicited  by  two  successive  light  ^timuH, 
pKsented  at  different  loci  in  the  visual  field  was  used  to  estimate  the 
si/e  of  receptive  fields  for  movemcnt,perceptio.n«  The  maximal  dis- 
•  tances  beivveen  the  alternating  spots^across  w,hich  object  motion  (**op- 
timaP'  or  "beta'*  motion)  pr  pure  motion  ("phi  phenomenon**)  could 
be  seen  wcr,e  determined  as  a  function  of  retinal  eccentricity.  Figure;4 
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RvtepHi  i'  l'iclJ  t:siiniaNtm  umi\n  cpnta!  Iniciirauon^m  Human  Vision 


ol"  inuUou  inacasc  lin- 
. between  20  und  (lO  dcu 
lifgv^  tfun  Tor  bela 


5huws  that'thrcshpld  distaiKVN.tor  Jbotlim 
early  toward  the  periphery,  doiOilinjt  their  s\} 
.  ol  eccentricity "  Valp«?  lor  phi  are  Coiiiewhat 

;,TliC:ic'U-{>tiye  Hv'lds"<(or  Werth<.iiner\^appaftnt  motion  increase 

•  lowjra'ilic  periplH;fy  DTthe  eye  at  ihe^ime  rakilis  l^e  receptive-Held 
cerltors  detigrniihed  bynhej/crinami  grid.  BollurfeaNiirev  show  an  in-  ! .  ^ 
crease  bV  a  6aVt,of  of  t»wo  betVgj  20  and  W>defe  of  retinal  eccentricity.. 
In  aW)hite  terms,  the-field  si/es  fof  apjyifvnt  molion  are  appfoxntiately 
10-20  times  lafgcT  than  t1ig*;eii)Vs>a\*fl^neon>i  contra>ls;^F;igure  5 , 

•  The  physiolbgic 'basis  Af  tlwy  lafgi;  J'lelds  seems  to  be^g  UMnpgru^pa- 
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FIGURt  3  Response  of  a  firM  ordcrJJ  neuron  in  tbc  vVujI  cortex  of  the  v-»t  to  various  positions  of  ihc 
Hermann  grid  within  its  receptive  field  (from  unpubhshcd  experimentsJby  Baumgartner).  The  discharge 
rite  of  this  nciMpn  iyconsistcrv<  with  the  ^ubJectlve  brightness  diminution  seen  at  the  grid  intersection. 
(The  receptive  field  m  thb  example  had  a  diameter  of  6  dcg  and  was  located  20  deg  paracent  rally.)  In 
positions  a  anJ  b  (kirs).  ihc  rcspons;  to  light  .5i*morc  than  tsMcc  Ui  strong  »is  m  position  c  (mtcrscction).  » 
rhcw  results  are  accounted  for  by  differences  in  surround  illumination  and  lateni  inhibition.  The  be- 
havior of  this  neuron  is  typical  only  for  toncenlrit  fields  of  geniculate  and  first-order  cortical  B  neurons. 
In  the  oblong  simple  field  neurons  of  Hubel  and  W«e*;l;*^  the  response-depends  on  stimulus  orientation. 
It  reaches  a  maximum  when  the  white  bar  coincides  with  the  reteptive-^icld  axis.  The  response  is  minimal 
wh«n  bar  and  Held  axis  aa-  oriented  at  right  angles  to  each  other  and  |s  intermediate  whf  n  stimuli  a  and  b 
att  combmed  in  a  patterrv*cU  tvto  intersecting  bars.  ^  , 
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FIGURE  4  Maximal  angular  dut^tnces  for  apparent  motion  as  t  function  of  retinal  eccentricity 
UKf^JtH^  from'  SpillmaDn^^).  Upper  thresholds  Vor  apparent  motion  were  determined  with  two 
alternpng  lights  Jldeg  20  min  in  diameter  presented  with  an  mterval  of  240  msec.  Fixation  wu 
on  a  vertical  line  betweea  (he  tyfo  sumuti.  Criteria  were  tlic  perception  of  T>bject  motion  (op- 
timal* or  beta)  or  pure  motion  (phi  phenomenon).  Mean  tluuholds  of  three  subjects  indicate 
that  the  critical  tiisy nces  across  which  motion  is  seen  are  soim!whargrt4ter  fof  phi  (dots)  than 
for  beta  (ctrclef^.  Both  txpts  of  thresholds  show  a  nearly  Im^lr  increase  in  sin  with  retinal 
eccentricity. 


tial  network  of  many  interacting  neurons  arranged  to  signal  the 'succes- 
sive occu^re^ce  of  photic  stimuli  as  motion  of  particular  direction  and 
velocity.  These  neuronal  populations  may  normally  require  physical 
movement  for  adequate  stimujjation,  but  under  some  conditions  rispoiid 
also  to  a  sequence-of  two  light  spots.  The  extent  of  neuronal  convcr- 
gence  causing  thesp  rnotion-sensitive  neurons  to  functjon  as  a.  unit  or  re- 
ceptive field  can  bc^estimated  qnly  with  reference  to  the  special  dimen- 
sions used  (spot  diameters 3  deg  20  min;  sequential  interval,  240  msec) . 
alid  may  vary  for  other  conditions.  In  our  experiment,  the  linear  veloc- 
ity corresponding  to  the  critical  spot  sequence4isrr  maximal  separation 
was  a  function  of  retinal  eccenVicity  and  ranged  from  60  ft>  240^dcg/scc, 
This  is  in  the  upper  range  of  and'even  beyond  the  highest  human  veloo 
ity  estimates  investigated  psychophysically  by  Dic^gans  et  fi^        .  ^ 
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FIGURE  5  Comparison  of  human  receptivt  fletds  and  field  centers  for 
wontrait  vision  (Hermann  grK^  itiuston),  appartn^  motion  (beta  nitove- 
nknt.  phi  phenomenon),  and  ey^  9lIrsui^moYemetlt  as  a  function  of 
retina]  Eccentricity  (adapted  from  SpiUmann^^).  Mearif  values  for  the 
Hrst  and  second* procedure  were  derhred  from  daU  shown  in  Figures  2 
an(l  4.  Eye  pursuit  moveme^^ashed  tine)  was  elicM«d  by  a  vertical- 
tiik  Idmulus  osctllatitig  on  a  Jiorizontal  meridiaff  with  a  sin#-waiie  fre* 
i^uency  of  0.3  sec.  Results  obtained  with  this'thir^  hkihad  represent 
minimai  amplitudes  of  the  stimulus  required  tor  ^  correlated  pursuit 
movement.  \^  spite  of  differenc«^  absolute  sii6«  thresholds  for  ath  , 
thiroe  ptocedures  showman  appra|(MAate  increase/by  a  factoir  of  two  be- 
tween 20  and  00  deg'of  ret^piit^cehtricity.  Tliis  figure  compares 
favorably  with  direct  ?htnirements  of  recegtjWfield  centers  in 
monlceys  (Hubel  and  Wiesil' sug^tsting4^9^|l|h  objective  deter- 
minations and  indirect  psychophysical  est  Inmates  may  refer  to  the  same 
basic  neuronal  organization.  / 
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EHftENSTtlN^^S  BRIGHtN^iS  ILLVSIOt^lN .THE  ABSENCE  OF 
PLANE.CONTRA'ST'  "  '         '  ^ 

I  Ehrensteijn*  iit  1^42  txprfriment^d  with  pajterns  of  radial^  Itnes^at    '  •  , 
caua*  brightness  en^haitcemenfat  the  white  cei^ter  spot  to  whica  they  , 
converge  (Figures  6  and  JJ.  The  hhes  must  exceed  a  particular  length 
.(FFgure  6,  leftOnd  there  shbuW  poJ[  be  fewer  than  four.  Usm^IIy,  the  * 
-^v'fentral  spoils  seen  afs,a  roUnd^patth.i^thin  which  the  brightness  en^^  ^  .  ♦ 
^      hancement  occurs.  This  round  blgVis  altered  to  an  apparent  sqyar^ 
--witetnhf  lines  are  thickened  apd  physical  contrast  bOTwccn  adfacent  r)^^ 
^reas'of  blackand  wj;iitc*btceiV<es.fhose  intense  (Figure>HW*aradoxi-  *  ^ 
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MGURtv  6   Ehrenifein*$  brt|htnc»  illusion'  tn  1ke  centtf  of  radiaily  converging  black  lines. 
CenUal  spots  appear  brighter  than  adjacent  white  iteas^i^  one  views  the  pattern  fueety.  As  in 
llerm  ^nn  grid,  the  iHusion  becomesjess  appa^e^t  when  the  cenUal  area  is  rixated.  Paradox icatty, 
the  brightness  etihancement  disappears  when  (he  oenter  spot  is  surrounded  by  a  thin  black  circle 
(upper  right).  A  minimal  lei|gth  of  Un|^  is  required  to  induce  the  illusk>n  (lefO*  , 
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FIGURE  7  £hrcnslein*$  illusion  as 
a  function  of  line  width  -  a  brightness 
paradox.  Physical  contrail  between 
flgure  Aid^ound  is  slr<Jng«sl  in  the 
lower  pari  and  weakest  in  the  upper. 
j)arL  In  spile  of  this  brightness,  en- 
Aanccmenl  of  the  cenlr|l  spot  ap-  ; 
pears  to  be  most  vivid  in  rows  3, 4, 
and  5,^fplIowcd  by  the  rows  at  the 
lop  and  then  al  ^ilbollom.  There 
arc  inter^individual  differences  in 
sequence.  Al  close  flxaliont  bnghu 
ness  cnhmcemcnl  is  replaced  by 
anolher  illusion  forming  a  gray 
diagonal  cross  CX)  wilhtn  the.ccn- 
Iral  area. 


tally,  under  thescfconditipns  the  centraUpot  is  less  enhanced.  It  be- 
comes even'  more  inconspicuous  when  it  is  completely^enclosed  by 
black  b^rs  (Figure  7,  bottqm).  Brightness  enhancement  dRappearsien* 
tirely  when  the  central  area  is  surrounded  by  a  thin  circle  (Figure  6,. 
upper  right).  ^  ^        ^  .  •  , 

Sometimes  a  quit^  different  illusion  appears  in  Figure  7,  rnost  readily 
at  the  third,  fourth,  and  fifth  rows  and  with  central  fixation.  Instead  jof  ' 
the  brightness  enhancement,  a  grayish  cross  ( x )  emerges,  connecting  the 
edges  of  the  apparent  s^afe  along  the  diagonals.  It  is  best  seen  from 
(jm-or  farther  ^^ay.  At  shditer  distances,  it  disappears  and 
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thus  iT\ay  depend  on  the  angular  si/x  of  the  foveal  projection.  Thjs  eross  . 
illusion  was  not  described  by  Ehrenstein.  ^ 

It  remains^  for  further  experimentation  to  decide  whether  the  phenom- 
enon may  be  interpreted  m  terms  of  interactions  between  line  stimulK 
described  as  neural  interaction  in  the  human  fovea  by  Fiorentini  and 
Ma/./antmi.''  It  is  of  interest  that  the  cross  illusion  appears  to  be  con- 
fined  to  the  fovea,  la  contrast,  the  brightness  iJlusion  fades  during  pro- 
.  longed  foveal  fixation,  requiring  eye  movements  for  revival. 
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DISCUSSION  ' 

The  Herfmnn  Grid  Phenomenon.  Single-Cell  Explanation  versus 
Populatim  Hypothesis  ^  • 

The  Hermann  grid  illusion  is  an  example  of  brightness  contrast  attribut- 
^  able  fo  large  groups  of  visual  neurons^^Fpr  a  single  nerve  cell,  the  phe- 
nomenon can  be  explained  by  lateral  mteractlon  within  its  receptive 
'field.  For  neuronal  populations,  howevcf,  the  explanation  is  more  com- 
.plex  and  must  concern  both  neuronal  subsystems,,  the  one  signaling  '  ^ 
brightness  (B)  and  the  one  signaling  tiarkne^  (D).  The  Hermann  pattern 
not  only  elicits  a  diminished  brightness  sensation  at  the  intersection  of 
white  bars;  after  figurt-grouftd  reversal,  it  also  results  in  a  diminished 
darkness  sensation  at  the  same  (novijblack)  intersection.  Neurophysio- 
logically,  the  illusion  is.based  on  different  distributions  of  latewl  inhibi-  ' 
tion  or  activation  in  the  surrounds  of  on-center  fields  (B  nearofts)  and 
off-center  fields  (D  neurons),  respectively.  Retinally  imd  postrctin^lly, 
these  two  subsystems  interact  in  a  manner  yet  unknown. 

Purely  psychophysical  meth(Jds  in  human  vision  will  hardly  reveal  at 
which  level  within  the  visual  system  this  interacUpn  takes  place.  H<5w^ 
"  ever,  neuronal  recordings  In  the  cat  suggest  that  fhe  grid  phenomenon 
relates  to  a  concentric  receptive-field  organization'mainly  in  the  *Mowcr*' 
partly  bf  the  visual  system  (retina,  lateral  geniculate. nucleus,  area  17).  , 
^  Thie  more  elaborate  neuronal  systems  of  the  visual  cortex,  showing  Jrans- 
formations  from  concentric  to  oblong  and  complex  fiel^  dtganiiations  . 
appear  to  be  less  involved  in  the  Hermann  grid  illusion.Only  the  simple 


Juminance  differenci^i  is  not  exclude.d  from  the  cortex. 

Other  conditions,  mainly  afterimagCJiand  eye  moveipcnts,  may  Have 
an  influence  on  the  Hermann  grid  phenomenon.  Thesv-  factors  arc  inVev  • 
tigated  by  Sindermann  in  a  forthcJraing  publication  arjd  will  not  be  dis- 
cussed here.  Neuronal  integration  of  receptive  fields  from  concentric  to  ' 
sirnple  and  complex  field  organizations  requires,transmission  tluoi/gh 
several  synapses.  The  role  of  inhibition  for  this  information  processing 
is^not  confined  to  lateral  inhibition  fromihe  field  surround.  Other 
types  of  inhibitory  action  have  been  demonstrated*  by  electric  stimula- 
tion of  the  optic  radiation.  For  mmple-field  neurons,  response  latency 
is  at  least  one  synaptic  delay  longer  than  for  concentric-field  neurons.* 
Complex-field  neurons  usually  show  16ng.pnmary  inhibition 'after  shock 
stimulation  of,radiation  fibers.  .     *  . 

Tt>  avoid'confusion  betvVcen  neuronal  receptive  fields  and  their  pos- 
sible equivalent^  in  human  perception,  a  tcrmintflogic  distinction  jDight 
be  useful,^ We  tentatively  propose  the  term  ''percepfive  fields"  for  the 
subjective  correlates  of  receptive  fields  estimated  in  human  viMo;i. 

The  Ehre'tuiein  Illusitm  and  Its  Dependence  on  Oriented  Lines 

Since  1870.  the  Hermann  grid  illusion  has  been  explained  by  simul- 
taneous contrast  of  bright  andMadc  areas  tha;.  accor<Jing  to  3auin- 
gartner.  stimulate  concentric  receptive  fields  of  visual  neurons.  Ehren- 
stein's  brightjjess  illusions,  which  appear  within'oriented  line  patterns 
in  the  absetyet'  of  contrasting  planes,  cast  considerable  doUhi  on  this  ex-  • 
planation  by^b^trast  alone.*  Brightness  enhancement  in  the  center  of 
radially  convergingi^fles  can  hardly  be  explained  on  the  ba^is  of  circlilar 
receptive  fields  - Detrimental  effects  of  steady  fixation  and  enclosing 
circles  on  the  illusion  are  rather  reminiscent  of  Hubel  and  Wiesels  find- 
ingjjis.ifr  of  simple-field  neuron^  that  r«<ipond  optimally  to  lines  of  gjven  . 
orientation  movin^g  across  their  receptive-field  axis. 

In  the  absence  of  a  sufficient  neuronal  explanation  of  the  Ehrenstein 
Wusion,  one  may  speculate  tirat  these^neurons  do  hot  only  signal  edges, 
fines,  anti  orientations,  iTm  also  may  contribute  to  brigHtness  sensation. 
A  ncMrophysiologic  basis  right  be  that  the  ellipsoid  fields  of  thoic 
neurons  can  be  divided  into  subclasses  carrying  brightness  and  darkness  / 
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jcons  wiih  oblong  off  cenlcrs*^^  both  tpnsfonticd  from  corresponding 
Mi"bsyslcms  of  ihc  retina  and  lalcral  geniculalc  nucleus. 

Rn  cptive  Fields  and  Levels  u][  Neuronal  Imvraction  within  the 
Visual  System,      ^  % 
\  .      The  ralhcr  simple  concept  of  the  receplive-fiel^  organi/zalion  of  a  single 
•  ^   neuron  might  be  considered  a  model  for  similar  mf^ractions  involving 
coll^^eral  mhibrtion  and  activation  among  neuronal  populations.  U 
seems  wortli  nptmg  that  lateral  mhibition  and  activation  as  the  essen- 
tial mechanism**  of  »he  receptive-fiejd  organization  in  retinal  ganglion 
cells  can  still  be  demonstrated  in  the  visible  phenomena  of  contrast  and 
contour  vision.  Hartline.**'  m  his  flrs'i'shorunote  in  1949,  had  already 
drawn  attention  to  the  role  of  lalerahnhibition  m  contrast  vision.  Since 
then,  many  studies  of  receptive-lleld  organization  have  confirmed  this 
mechanism  and  stressed  its  significance  in  various  species,  but  without 
*       elucidating  the  central  process.  How  the  information  of  primary  lateral 
mhibiiion  is  used  in  the  central  nervous  systenr  and  its  large  populations 
of  visual  neurons  is  as  unclear  as  the  synaptic' mechanisms  of  cascade- 
like transformations  of  receptive  ficMs.  Only  a  few  facts  are  known 
aboutjiingle-neuron  interaction  with  lateral,  collateral,  and  reciprocal 
inhibition  m  the  two  neuronal  systems.  B  and  D.  It  is  unlikely  that  any 
of  them  singly  or  in  combination  can  sufficiently  explain  the  integrated 
effects  in  thousands  and  millions  of  neurons  necessary  for  sensation  and 
'  perception. 

Resuirsofreccnt  experiments  on  Mach  bandjfwith  flicker  photometry 
favor  the  localization  of  lateral  inhibition  and  mutual  interaction  of  r(^- 
ceptive  fields  beyond  the  receptor  organ.  After  measuring  the  brightness 
of  Mach  bands,  von  Bekesy^  proposed  the  existence  of  lateral  int9rac- 
Jion  in  brain  sttudures.  The  rathetxomplex  transformation  of  receptive 
fields  af  varimt^^cerebral  levels  and  the  role  of  eye  movements  and  of  in- 
hibition within-the  field  center  carniotJjejJiscussed  Here.  We  mention 
-  oaV  two  findings:  Ricliafds^^  has  described  inrnfrfioitttms^ 
mation  In  maniiuriug  accommodation  and  convergence  thai  he  explaiiiT 
by  plasticity  of  receptive  fieTds.  Freundand  cp-wofkers'^  demonstrated 
a  special  transformation  of  field  organization  in  the  cat's  D  neurons  of  ^ 
the  lateral  geniculate  nucleus  that  differ  from  retinal  of^ccnter  nijurons 
by  showing  marked  off  inhibition,  instead  of  spatial  summation. 

Gentfrally,  latcial  inhibition  in  the  retina  and  collateral  inhibition  in  ■ 
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ccrduai  m«h  lures "lajy .  ti^  spiu-  oi  their  dil fcr^^ni cs  ;/s  ncuroffhy siologic 
mcchanisniv  havc\imi|jrcHvtLs  on  viMul  Lonlrast  and  pcrccptuil  inlc-  j. 
gralUHi  In  principle  IluN  similarity  holds  cmi  lor  difii rent  k^^^^^^^  , 
•mt^dalilics.  us  dcnionsluted  by  von  lickcsy '  i:i  Jus  work  on  s^Misor> 
inhibirion  •  ^         •       '         •  .  • 

RKhnn  i  i  flips  I\  RhLAJlOS  TO  hORM  VlSlOS  A\D 
nSLAL  I  f  {R\l\(;  .  .  ' 

«."J!'^L'^^I^*'**^'  inahanisin  i>t  visual  Icarniiij:  is  unknown  Thus,  it  sci-ms 
diftiuill  to  discuss  Its  intcrai th^n  with  neuronal  pruiVHscs  Kit  sensation     •  ' 
and  pcrci-ptiiui  However,  the  importance  of  visual  menu)r\  Jor  lorm  * 
vision,  pcr*.cptitin.  and  tca%\m^  is  obvit)us.  and  relationships  reevptive- 
.  held  lrahsrt>nnaIion  are  i.oncvi\ahle  A  child  learns  to  read  by  orjuni/- 
ing  aiuf  revogni/nij?  patterns  composed  ot  lines  ui  dillea^nt  orientationn 
Perceptual!) .  this  ta4  involves  both  ^'innate"  neuronal  mechanisms  and 
new  connevti'*s  acquired  duiinj*  t}ie  learning  proee^^s  Wiesel  and  Hubel\ 
experimem showed  tijat  cats  have  innate  ^-simple"  receptive  fields  re- 
sponding-oprmuilK  to  line  stimuli  ot  particulai^axh  oripttation  riiesc 
neuronal  line  detectors  are  present  in  newly  b^^jrn  kiUens,  before  any 
visual  experience,  hut  deteriorate  ^frhen  contrast  patterns  are  excluded 
from  vfsion  durini!  {he  hrst  months  ol  hle/^  Thus,  visual  learning:  appar< 
entl>  maintains  and  tacihtates  visual  function  lii  the  cortex  during  ti^- 
early  periods  ol  hie  Short-  and  long-term  visual  memory  not  only  are 
necessary  lor  acquirii  g  form  recognition,  but  also  are  prerequisites  lor 
the  normal  lunction^jpd  e/irlv  development  of  innate  neuronal  cootdit 
nation  In  this  conteM.  it  nia>  be  of  interest  to  ask  whether  the  aboveV  >  ^ . 
mentioned  Lhr^isiein  ilhisions.  if  dependent  on  line  detectiirs,  are 
innuenced  by  visual  Idirning       ,  ' 

In  discussing  learning  mechanisms  m  relation  to  the  visual  feceptive- 
Ihria  organi/atioiu  some  recent  experimeiVs  m  hun)ans  on  the  effect-of 
learning  and  expectation  on  Werrt^me^^  apparvnt  motion  shouid  he 
mentioned  Besides  the  tact  itU\  cKpectation  and  bias  affect  the  oc^r' 
renee  of  apparent  visual  motum,  Raskin^^  demonstrated  long-tcrm( 
;iiemory  elfects  oa  special  patterns  seen  previously.  Prior  expenence  ^ 
as  old  as  1  weyk  rilhi'r  lacilitated  or  inlerlered  withMibsequent  percep-  ^' 
lion  of  apparent  motion  Raskin  concluded  tha)  the  perceptual  feature 
of.motion  or  nomnoiKm  may  become  associated  with  eertain  form.  ^ 
cliaraclcristics  bv  vUiv  of  learning  Wv  cannot^disciiss  here  the  rather 

t  ^         ^      '  • 
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complex  nturophystology  of  mouon  perception  and  us  dual  m'echa** 
nisms-afferent  movement  caused  by  passive  displacement  of  retinal 
imjgf^s  and  efferent' movt;men(  produced  6y  active  pursuit  rnovements 
*of  t^ye,  head,  and  body  Both  mechaiusms  appear  to  be  intimately 
I  nked  to  the  detection  of  contrast,  allowing  one  to  fixate  stationary 
and  moving  borders,  Thus,  it  is  not  surpnsmg  that  the  mbiimal  thn^sh-^ 
old  amphtudes  for  eliciting  eye  pursuit  movement are  of  the  same 
orde;  of  magnitude  as  the  receptive-field  diameters  obtained  with  the 
Hermann  gn'dillusion  (Figure  5) 

Althouglrlcarning  should  influence  form  recognition  and  might  be  ^ 
involved  in  the  progressive  transformation  of  receptive  fields,  we  canned 
yel  apply  our  results  to  the  physiology  of  reading  and  its  di^rders.  Be- 
cause wc  read  with  moving  eyes  during  short  pauses* of  fiy.ation.  making 
use  of  black-Wh;;c  contrast  for  the  recoiuiilion  of  klters,  wc  may  say  , 
only  that  oculomotor  functions  and  mechorimns  of  contrast  and  pat* 
tern  vision,  among  others,  coatnbute  to  the  physiology  of  reading. 
Whether  in  man.  as  in  the  ca(.  the  organization  of  simple  reccptife 
^^cld^  with  specific  axis  orientation  is  a  congenital  neuronal  property  * 
of  the  visual  cortex,  requiring  early  visual  experience  to  pn^vent  dete- 
rioration, cannot  be  answered  with  certainty  Assuming  that  a. combina- 
tion    inherent  mechanisms  wjih  learning  is  necessary  for  the  normal 
funchtming  of  the  vilual  system,  it  might  be  justifiable  to  discuss 
rcccptivc-fietd  organization  and  its  application  tGihuman  vision  in  a 
conference  on  reading  functions 


SUMMARY  • 

Receptive  fields  of  visual  neurons  as  determined  by  il^rect  recordings  in 
,  anirnals  cafi  be  inferred  m  man  from  contrast  and  rriovement  illus\pns. 
Estimate's  of  ihcir  spatial  extent  were  derived  from  threshold  measure- 
ments for  Mmultaneou>  contrast  and  apparent  motion 

Diameters  of  receptive-fiel^  centers  in  the  human  fovea*  when  mea- 
siired  with  Hermann  grid"^  of  different  bar  width*  range  from  2S  m 
30  M  ^  5-U^min  nf  arcK  an^  receplive-ficld^centers  plus  surrounds* 
abnuf  50/1,  * 

The  si/e  of  rcceptive-field  centers  is  a  linear  function  of  retinal  ccccn- 
tncity ,  Between  20  and  60  deg  from  the  fovea,  the  average  dMimetcr  of 
field  centerViil^ubles  from  1  5  tn  3  deg  of  arc 

\  ^ 
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kecepnie-Fleld  ksn^mtum  and  Pen  eptuaflnlcgratiOfi  in^fiaikm  \ 

•  w  ^ :  y  *  ^ 

^  •  Rc^H^  ol  Hermann  gnd  Hlim|iljrfifon  of  h>n#cAinc  f^^  neurunN4n 
the  visual  system  of  tt\je  cjjl  aa*  conststent  #lt!\^ jpp^jp^  bhghtnc^^if- 
ferenccs  tn  huir  an  viMon  For  whi^c  gjuTs.^'ncuu^^  of  the  J^iiferal  gc* 
nicuIatCi  nuc(pus  and  the  first  stage  of  tHe  visuiKcortcx  <h^w  enhanced 
-r^poase^  When  exposed  to  har^aad  dimmtUi&d  respond  ^))cn  ^imxi- 
lited  by  mtersections  Simplc-ticid  neuron/of  the  vbual  cortex  show 
simitar  enhancement  only  i|[th<r orientation  ol  their  reccptive^ticld 
axes  corresponds  to  &jrder  positions  of  the  gnd  ' 

Ehrensiein\  iliusioris  of  hnghtrdvss  enhancement  citcited  b>  radial  ' 
linf  patterns  in  the  abvenc'  ^  marked^hysical  contrast  be|wccn  figure 
and  ground  an:  tentaiivci,    cnbcd  lo  cortical  simple  field  ne^irpns  and^ 
their  possible  contribution  to  brightness  perception 

"Receptive  fietds"  determined  witH  Wertheimer's  optimal  lor  Iwlai  • 
motion  and  phi  phenomenon  are  *20-'304imes  larger  than  receptive-lield 
centers  measured  with  the  Hermann  grid  Analogou»^  lo  thc%e.  '*rccep: 
tlve  fields*' tor  apparent  motion  increase  linearly  toward  the  peripheral 
nstw,  dou1)ling  m  si/e  between  20  and  60  deg  pt  eccentncity 

The  receplive-rield  oF|^nt/ation.  by  transforming  luminance  gradients 
into  contrast  borders,  ts  a  basic  mechanism  of  form  vision.  Although  its 
significance  i&  evident,  its  detailed  role  in  patterT>  vision  and  reading  can* 
not  yet  be  explained  in  neuronal  terms  Modtfiabtltty  of  receptive  ficli^s 
and  plasUcily  of  spatial  rouppmg  in  the  central  visual  system  must  &e 
postulated  to  explain  m/c  vonstanty  and  form  recognition  The  povsihle 
interaction  bey/^een  memory  and  neuronal  cupvergencc  \^hin  the  vi- 
sual system  is  discussed  for  the  example  of  apparent  motion  1 

The  term  "perceptive  fields"  is  proposed  for  fife  subjective  torrela|es 
of  receptive  fields  estimated  in  human  vision  - 

Wcare  fh^nWuno  sc%trai  turmci  and  pics<nt  cu^workcisof  (hrFiciburg  Labora-' 
tortes,  (fspei^ally  Prof  Baumgaiitficf  (Zurich),  Prof  Kornhuber  (UlmhOu^  Or 
Sinderimnn  tUiml.and  l)u/  Dr  Dichgdns  (l^reibuigK  for  siimulaiing  discussions, 
help  in  our  experiments,  and  permisMon  to  uw  their  nuieriai 
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Shoi;t-Tenn  Memory,  Lon^-Term  Memory,  > 
and  Scanning  in  the        i      *  . 
jProcessing  of  Visual  Information 

'ill        '   .  ' 
A  MODEL  OF  VlSUAL4NF0RMAT^f^  PROCESSING 

In  reading,  as  in  most  visual  tasks,  th^reye  atflxers  information  only 
during  the  pauses  between  its  quick  sagc^dt  movements.  The  normal 
mput  to  the  visual  system  is  thus  a  sequeru^  of  brief  exposures,  i  would 
like  to  propose  here  a  model  of  the  way  p^eople  process  the  information 
they  receive  in  one  such  exposure.  1  shall  be  concerned  with  the  simple 
situation  in  which  a  person  is  shown  briefly  an  array  ofletters  and  then 
asked  to  write  them  and  the  closely  related  situation  in  which  he  hears 
spoken  letters  and  i^requiredio  write  them. 
•^'The  model  shown  in  Figure  1  summarizes  the  results  of  numerous 
experiments.  The  squares  indicate  short-term  memories.  The  first  box 
represents  a  very-short-term  visual  memory,  which,  in  the  past,  I  have 

Called  visual-information  storage.'*  It  contains  a  great  deal  more  infor- 
mation than  the  subject  ultimately  will  be  abli;  tq  report,  but  its  con- 
tents ndrmally  fadt  rapidly,  usually  within  about  pne  fourth  of  a  sec- 
ond. These'conclusions  are  derived  from  a  partiaKreport  procedure:  the 

■^subject  is  required  to  report  only  a  small  fraction  of  the  stimulus  con- 
te.nts  on  any  trial  and  does  not  know  in  advance  which  aspects  he  will  . 
be  required  to  report.  The  methods  and  re^iults  have  been  described -in  . 
detail  elsewhere.^    It  is  easily  proved  that  a  great  deal  of  ioformation 
from  a  visual  stimulus  gets  into  the  subject's  very    ^rt-term  visual 
memory;  the  information  is  lost  to  recall  because  later  processes  are 
unable  to  use  it. 
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Ultimately,  stimulus  letter**  arc  "recognized";  that  is»  the  subject  says 
or  writes  them.  He  makes  an  appropriate  motor  respohse.  In  t^ms  of 
the  md"del,  It  is  useful  to  distinguish  between  actually  executing  the 
motor  response  (saying,  subvocally  rehearsing,  or  w^-itirtg  a  (btter)  and 
having  decided  which  response  is  to  be  executed.  This  kind  of  distinc- 
tion is  most  often  made  in  discussing  computers,  and  perhaps  the  ter- 
minology that  has  been  developed  to  deal  \yith  it  in  that  domain  will 
help  to  clarify  it  here/  '  ^ 

Saying  a  letter  may  be  conceived  of  as  executing  a  long  proV^m  that 
consists  of  hundreds  ofMUstructions  to  various  muscle  groups,  Recbgniz- 
ing  a  letter  may  be  considered  as  having  decided  which  program  to  exe- 
cute. In  practice,  a  program  is  designated  by  its  location,  or^address:  the' 
-address  is  the  location  of  th^  first  program  instruction  to  be  executed. 
The  second  short-ter^m  memory  box  in  the  model  designates  the  recog- 
nition buffer-memory,  it  is  a  short-term  memory  for  letters  that  are 
about  to  be  spoken  or  rehearsed  subvocally,  i.e.,  a  memory  of  the  ad-  . 
dresses  of  the  programs  for  saying  them. 

«The  kinds  of  data  that  require  the  concept  of  a  recognition  buffer- 
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riGURI-  I  Model  of  visual  information  processing.  Squares  indicate  short  term  memones,  recUnflcs  indi- 
cate long^tertn  mcmoiies,  and  triangles  indicate  scan  component's  that  transform  signals  from  one  modality 
into  another.  V.  visual;  K  auditory ;  M.  motor.  R,  rehearsal;  RECOG,  recognition  buffet-memory;  direc- 
tion of  association. 
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memory  have  been  described***  The  basic. idea  is  that  three  or  four  let* 
ters  can  be  recalled  fr«m  visual  presenfalidns  even  if  the  effective  d\tcar 
lion  of  the  present^ition-e.g.,  vis~is  so^shoyrt  that  there  is  not  time  for 
the  reHearsal  of  even  one  letter.  The  recognition  buffer-memory  can 
hold  at  least  three  letters  (i.e.,  the  addresses  of  the  mptor  {Programs  for 
rehearfing  the  letters)  for  a  peripd  of  about  1  sec,  until  they  have  been 
,  rehearsed.  -  . 

A  scan  component  is  needed  ta  transform  the  visual  information  in 
f  t  very-short-term  visual  memory  into  the  motor-address  information  of 
the  recognition  bViffer-memory.  The  visual  scan  component  is  desig- 
nated by  a  triangle  in  Figure  1  to  indicate  that  it  is  not  a  memory  and^ 
that  it  transforms  information  from  one  modality  into  another.  Aotu- 
ally!  the  visual  scan  component  has  at  least  three  distinguishable  func-^ 
tions:  deciding  which  areas  of  the  visual  field  contain-infq^mation  on 
which  further  processing  should  be  performe'd  (**prescan"*)y  directing 
processing  capacity  to^the  locations  selected  by  the  prescaif  (**atten- 
tion");  and  converting  the  visual  input  from  the  selected  locations  into 
the  addresses  of  motor  programs  (**scanYiing"). 

The  maximal  rate  at  which  letters  are  scanned  can  be  measured  from 
visual  presentations  in  which  the  persistence  of  the<information  from  an 
initial  letter  stimulus  is  obliterated  by  a  subsequent  visual  ''noise**  stim- 
'  ulu^.  The  measured  ra*tes  are  quite  high-say,  one  letter  every  10-15 
msec,  which  is  equivalent  to  rates  of  up  to  100  unrelated  letters  per 
second  '® 

The  middle  triangle  in  Figure  1  designates  rehearsal.  In  vocal  re- 
hearsal, the  motor  instructions  designated  by  the  recognition  buffer- 
,  memory  are  executed,  and' a  spoken  letter  results.  Because  it  indicates 
a  change  of  modality  or  dimension,  a  triangle  is  used  to  designate  the 
rehearsal  component;  in  this  case,  the  transformation  is  from  move- 
ments to  sound.  The  sound  produced  by  a  vocal  retfearsal  is. heard  and 
remembered  in  auditory  shbrt-term  memory. 

In  principle,  although  not  in  detail,  the  auditory  scan  is  exactly 
^        analogous  to  the  visual  scan.  The  auditory  scan  selects  som^  contents 
of  auditory  memory  (e.g.,  the  sound  representation  of  one  letter)  and 
converts  them  into  the  address  of  a  mot<)r  program.  Tlie  address  is  re- 
membered in  the  recognition  buffer-memory,  the  program  is  executed 
by  the  rehearsal  component,/and  the  sounds  are  re-entered  into  audi; 
tory  memory.  By  means  of  this  rehearsal  loop,  information  ?an  be  re- 
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tained  foi*a  vei'y  long  time  in  ayditory  short-term  memory  -many  times 
Ipnger  than  the  decay  time  of  the  memory  itself.       ^  *  ^ 

Perhaps  in  youpg  c^iildnjn  and  some  adurts,  Ihe^tpnt  of  the  re-  v 
•h^arsal  component  must  first  enter  into  the  outside  world  as  sound  ^ 
.  before  it  can  cpter  auditory  memory,  bat  most  adult^  seem  to  have  * 
evolved  a^hortcut,  which  1  have,  designated  "subvocafl  rehearsal."  In  ' 
subvocal  rehearsal,  the  subvocay output  of  the^rehearbl  component  is 
entered  into  the  auditory  short|^tem;memoryjbs(  as |thou^  it  had  been  , 
a  Tocal  output;  i.e.,  auditory  mfcmory  contains  a  mertiory*df  the  sound  of 
the  letter.  The  ra^  of  siibvocal  rehearsal  can  be.measured,^'*^  a^d  it  is  . 
ver^  jntereksting  to  note  that  it  is  identtcalAv)thihc4;ktiS  of  vocal  rehearsal 

DISTINCTIONS.  BETWEtlf^HQR T-  A ND  LONG-TERM  MEMOR  Y 
Neural  Distinctions  .  "  ,  . 

A  short-term  memory  h  a  patch  of  neural  tissue  thai  is  uwd  over  and 
over  again  for  every,  appropriate  input  to  the  modality.  For  example^ 
TUTretina  undoubtedly  serves  as  a  short-terpi  memory;  a  particular  nfeu- 
ron  in  the  retina  might,, by  appropriate  stimulus posit^ioning,  b^  acti- 
vated by  every  letter  th^t  could  be  presented.  But  I  suggest  tha^the 
^neurons  involved  in  long-term  memory  are  extremefy  Specialized  and 
are  active  only  when  their  key  is  found.  This  does^ot  mean  that  only 
one  stimulus  can  activate  a  neuron  in  long^erm  memory,  but  rather 
that  its  range  is  infinitesimal,  compared  with  the  range  pf  possible 
Stimuli.  " 

There  is  iiow  fairly  widespread  agreement  that  shprt-term 

memory  is  short-term  not  because  its  pcurons  remember  poprly  (al- 
though that* is  probably  a  factor)  ttut  because  every  new  stimulus  over- 
writes its  predecessor.or  at  kast  pushes  it  aW^y  from  the  fore  of  rrtem- 
ory.  Even  silence  or  darkness,  the  absence  of  stimulation,  is  an  input 
to  short-term  memory  that  mUst  be  recorded  and  that  therefore  ineyi- 
tabfy  drives  out  the  record  of  previous  .stimulation. 

.^i.    •  -  -      \  '  ,- 

Structural  Distinctions 

A  short-term  memory  can  be  likened  to  a  register  in  a  computer;  a 
long-term  memory,  to  a  section  of  core  memory.'^  That  is,  a  short- 
term  memory  is  complicated  and  expensive  (involving  many  neurons 


per  unit  of  information  stored),  because  the  information  in  it  is  capa- 
^Je.  of  being  mjhip^ttted  in  many  waysT^  For  e^^anjple,  one  bit  of  Jn-^ 
formation  ciilh'be  compared  with  anq[ther  bit  5f  information,  can 
shifted,  and^o^on.  Every  operatioov  of  this  sort  requires  many  cprinec- 
tions.  IjvcQmpuVers,  core'hicinomis  made  as  starkjy  economical  as 
possible.  SQinuc.h  is  sacrificed^e^cdnom^ythat  no  operation  whatever 
(except  pertaps>rasurc)  is:possiblaon  the  contends  of  long-term  meih-' 
ory  before  they  have  been  removed  to  a.regisfer/1  propose  that  the  . 
srfme  6vcrrfdingJ>nnci[jlQs  that  guided  the  evolution  ot  computers  to 
have  a  very  few  (but  very  intricate)  registers  and  tq  have  a  great  many 
(but  very  simple)  core  memory 'cells  guided*the  evolution  of  nervous 
systems  to"  have  a  few  intricate  short 4efm.  memories  controlling  great 
masseisit)f  long-term  mdnprV-   A       '  * 

Functional  and  Efehaviorai  Distinctions 

The  contents  q(  short-term  memory  are  retrieved  by  asking  for  the 
contents  of  tl^^e  particular  sensory  memory,  le.,  by  giving  the  name  of 
the  memory. 'What  jiid  I  just  hear?  What  did.l  just- see?  The  contents  of 
long-term  memory  are  retrieved  by  giving  an  association,  i.e.,  a^ com- 
plex, highly  specific  input.  For  example,  1  say:  "My  telephone  number 
is  582-2644.  What  is  my  telephone  number?"  You  answer  by  asking 
yourself  w#t  was  the  last  tWng  you  heard.  That  it  is  Sperling's  tele- 
phone number  is  irrelevant  to  the  retrieval  of  the  digits.  However,  if  I 
meet  you  on  the  street  tomorrow  and  ask  you  to  repeat  my  telephone 
number,  no  short-term  memory  could  possibly  be  equal  to  the  job.  You 
would  need  a  mem(|>y  that  could  be  entered  with  the  name  "Sperling". 
(::nd  perhaps  some  other  concomitant  bits  of  information)  and  that, 
when  so  prodded,  would  return  the  correct  digits. 


SIX  LONG-TERM  MEMORIES 

Each  of  the  active  components  in  the  model  (Figure  1 )  is  associated 
with  a  long-term  memory.  The  long-term  memory  was  constructed  by 
the , subject  out  of  his  past  experience,  long  before  his  participation  in 
any  of  my  experiments.  The  three  triangte.components  each  use  an 
intcrmodality  long-term  memory.  The  visual  scan  is  served  by  an  inter- 
^       modality  lOng-turm  memory  that  associates  the  jiddress  of  the  motor 

Emc         .  in. 
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program  f6r  saying  a  letter  with  the  visual  features  of  that;letter.  The 
rehearsal  component  is  served  by  a  long-term  memory  that  associates  \  *^ 
the  auditory  features  of  a  ^ound  with  the  motor  program  for  produting 
that  sound.  The/iuditOFy  scan  is  served  hy^  a  long-term  meji>ipry  that 
associates  the  address  of  a  motor  pr^|i;aifi  for  producing  a  sound  with 
the  auditory  features  of  that  sound.  \ 

These  intermodality  long-term  memoriesh*^ce6tu*trtkills.  As  chil- 
dren, we  learned  to  imitate  sounds  that  we  heard.  We  learned  how  to 
recognize  letters,  that  is,4o  say  the  name  of  a  letter  when  we  saw  it^ 
Later,  weMearned  how  fo^read  without  speaking. 

Beneath  each  jhort-term  memory  square  in  Figure  1  is  a  long-term*  , 
memory  of  events  within  that  modality.  For  example,  long-term  visual  ^ 
memory  might  contain  the  information  necessary  to  recognize  a  partic- 
.  ular  face  as  familiar,  even  if  no  name  or  occasion  can  be  associated  with 
it.  A  preschool  child  would  recognize  some  letters  as  familiar,  evtin  if  he 
could  not  name  them.  Similarly,  we  have  auditory  memories  of  audi- 
toiiy  events.  Finally,  we^have  the  memory  of  the  motor  sequence  nec-. 
essary  to'say  a  letter. 

The  proper  development  of  all  six  of  these  long-teriji  memories  is  a  . 
prerequisite  for  the  effective  operation  of  the'information-processing 
system  outlined  before. . 

Quantitative  theories  of  short-term  recall  performance  find  it  neces- 
sary to  take  into  account  a  small  amount  of  information  that  is  getting 
into  lor^g-term  memory  from  each  trial  and  that,  when  there  are  re- ,    »  . 
peated  trials,  significantly  affects  performance  (see  especially  Atkinson 
and  Shiffrin*  >.  Although  the  experiments  I  have  dealt  with|>robably  in?, 
volve  very  little  long-term  memory  (because  each  stimulus.is  V4ewe)| 
only  once),  it  is  obvious  that  sortiethitig  is  entering  the  various  long- 
term  memories,  at  .least  occasionally. 

I  will  concentrate  pow  on  tlie  two  aspects  of  the  model  that  are  of 
greatest  relevance  to  reading:  visual  scanning  and  auditory  memory. 


VISUAL  SCAmi^G 

<  • 
The  Use  of  Visual  Noise  to  Estimate  Processing  Rate 
.  Brief  visual  exposures,  by  themselves,  are  useless  for  determining  the 
rite  at  which  visual  information  is  processed.  This  is  so  because  stim- 
ulus information  persists  in  very-short-term  visual  memt<jry  for  some  ■ 
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/undeterminol  time  after  the  exposure;  tor  at  least  0. 1  sec  and  usually  * 
^  for  0.2  sec  or  longer.  If  the  duratiojW)f  visual  availability  is  undeter- 
*  mined,  processing,  rate  cannot  be  determined;  duration  of  visual  per- 
sistcfKe  and  processing  rate  are  complexly  intermingled. 

The  way  around  this  difficulty  Is  to  follow  exposure  of  the  stimulus 
letters  b.y  ^  "noise''  postexposure  field  {Figure  2).  The  visual  noise  that 
ruse  looks  like  scattered  bits  aird  pieces  of  letters,  and  it  effectively  "ob- 
literates the  visual  persistence  of  the  stimulus  letters.  By  delaying  the 
qnset  of  the  noise  postexposure  field,  we  allow  the  subjf  ct  more  tim?: 
to  scan  the  letters.  Each  10^15  msec  of  delay  enables  him  ultimately  to 
report  one  additional  jetter,  up  to  about  three  or  four  letters.  This  pro- 
cessing rate  can  be  shown  to  be  independent  of  the  number  of  letters 
presented  and  of  many  other  variations  in  procedure. 

*  » 

Serial  or  Parallel  Processing? 

In  a  brief  exposure,  are  letters  scanned  one  at  a  time,  a  new  letter  in 
each  interval  of  1 0-1 5  imec,  or  is  information  being  gathered  abbut 
several  letters  simultaneously  at  an  overall  rate  equivalent  to  one  new  " 
letter  per  16-15  msec?  A  positive  answer  to  the  first  question  defines 
a  serial  scanning  process,  And  to  the  second,  a  parallel  process.  I  will 
go  into  greater  depth  in  considering  the  problem  of  serial  versus  paral- 
lel processing,  because  it  offers  a  good  illustration  of  current  research 
'  •  .  in  informatibn  processing.  The  nonspecialist  reader  may  have  difficulty 
here,  but  I  hope  that  he  will  persevere  and  obtail  at  least  an  apprecia- 
tion of  some  contemporary  methods^iind.  theories  and  of  their  potential 
power  for  stuping  the  way  in  which  words  are  read. 

METHOD  I 

When  I  first  confronted  the  serial-versus-parallel  problem,  I  sought  the 
answer  by  examining  the  rate  at  which  information  was  acquired  about 
each  inUividual  letter  in  a  stimulus  instead  of  looking  only  at  the  over- 
all/ate.^^ Subjects  were  presented  with  five  random  letters- followed, 
after  various  intervals,  by  a  noise  postexposure  field  (Figure  2).  Their 
task  was  to  report  correctly  as  many  letters  as  they  could,  from  all  the 
locations.  If  they  processed  letters  in  a  purely  serial  order,  I  would  ex- 
"  pect  only  the  letter  in  the  first  location  to  be  reported  correctly  ^t  the 
briefest  exposure;  the  first  and  second  letter  to  be  reported  at  longer 
exposures;  then  the  first,  second,  and  third;  and  so  on.  Let     be  the 
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FIGURF  2  A  normal  tactnstoscopic  exposure  sequence  (top)  and  a  postexposure  visual  noise  sequence 
(bottom). 


probability  of  correctly  reporting  the  letter  in  the  lih  location.  Con- 
sidering each  of  the  five  letter-locations  separately  and  plotting  these 
p/s  as  a  functioaof^exposurv'  duration  should  yield  a  set  ofjunctionsv 
like  those  illustrated  in  Figure  3a.  That  is,  the     functions  in  Figure  3a 
would  be  produced" by  a  serial  Icft-to-right  scanning  process  who\ie  over- 
all the«etical  performance  best  matches  the  observed  perforntanQe. 
The  first  two  letters  are  scanned  quickly,  the  next  two  are  scanned  more  * 
slowly,  and  scanning  of  the  last  letter  has  hardly  begun  even  at  the 
longest  exposure. 

A  purely  parallel  scanning  process,  in  which  information  is  retrieved 
at  an  equal  U(te  from  all  five  locations,  would  predict  identical    at  all 
locations  (Fi^re  3b).  Because  all    s  are  the  same,  thisp^  function  also 
represents  the\)bservedM)verall  percentage     correct  responses. .  » 

The  results  of  an  actual  test  are  shown  in  Figure  3c/The  data  iHus- 
trated  are  for  ohe  subject;  tests  of  other  subjects,  including  myself^ 
yielded  basically  similar  data.  The.downward  concavity  of  all  the  ob- 
served)/i^  functions  means  that  information  is  acquired,  at  each  letter 
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FIGURE  3  Accjracy  of  report  of  the  letter  it  each  locttion  ( 1  5)  of  t  five^letter  stinrnlus 

«  a  function  of  the  expo$uie  duiatton  when  exponue  of  the  letters  i%  followed  by  visual  noise, 
(a)  Theoretical  Oau  generated  by  a  serial  scan  process  with  tlxed  ord^  of  scan,  (b)  Theorctkat" 
daU  generated  by  a  parallel  Kan  process  hav|ng  the  same  rate  of  information  acquisition  at  all 
ri*«  local  ion$.'(c)  Dala  of  a  typical  subject  (Vter  Sperling'^).  These  data  are  not  correctedl^t 
chance  guessing.  ^ 


ERIC 


206 


position,  most  rapidly  immediately  after  the  letter  stimulus  is  turned 
on  and  tliat  the  rate  diminishes  as  the  exposure  continues, ♦Informa- 
tion is  acquired  more  rapidly  at  the  first  position  than  at  the  second, 
and  so  on,  except  that  this  subject  acquired  information  more  rapidly 
at  the  fifth  position  than  at  the  fourth.  Other  subjects  had  different 
idiosyncratic  orders. 

Percentage  correchs  a  nonlinear  ^t  monotonic)  function  of  information  retrieved  Plotting 
the  results  in  tenhs  of  bits  of  mformatlon  retrieved  would  exaggerate  the  concavity  and 
strengthen  the  conclusion.  *  . 
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METHOD  2 


Although  the  inte^jpret^iion  I  have  just  given  is  stated  in  terms  of  paral- 
lel processing,  one  canrldt  rule  out  the  possibility  of  some  complex  form 
o^i^eriul  processing.  To  mzke  a  more  sensitive  test,  more  intricate  stim-, 
ulu^  sequences  were  required.  Therefore,  I  gave  up  research  for  a  year 
and  worked  at  programming  a  computer  to  display  visual  stimuli  on  a  '  ^ 
cathode-ray  oscilloscope.^  The  conpiputer-produced  demonstration  thai 
provides  the  strongest  evidence  of  parallel  processing  is  very  similar  to 
tlS^rocedure  just  described.  Five  letters  are  presented  and  followed  by 
visual  noise.  The  basic  difference  is  that  one  of  the  letters  is  changed 
midway  during  its  exposure  (Figure  4).  When  this  is  done,  for  example 
in  the  fifth  location,  then  almost  invariably  the  first  letter  that  appeared 
in  jhat  location  is  the  one  that  is  reported  (that  is,  if  the  subject  cor- 
rectly reports  anything  at  all  from  that  locatlo^i).  This  result  with  very 
brief  exposures  is  ju|t  the  opposite  of  the  usual  result  when  exposures 
are  long  (greater  imk  SO  msec)  pr  no  postexposure  noise  field  is  used. 
In  the  latter  circumstances,  the  second  letter  that  occupies  a  location 
is  the  one  that  is  reported.^-**'^ 

rRCDICTiONSOF  THfc  THKORIESOl  SERIAL  AND  PARAtLEL  SCANNING 

« 

In  a  serial  process,  increasing  exposure  duration  improves  performance 
(increases/?^),  because  the  ah  location  is  more  likely  to  have  been 
scanned  during  a  longer  interval.  Consider,  for  example,  an  exposure 
duration  AT, ,  which  is  just  long  enough  so  that  P(  -  Ap,  Now  con- 
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FIGURE  4  A  computer*fet>eraled  ^timulut  ^ 
quenc«  for  testing  seru!  v«rsu«  pviUel  pt oce^iag 
The  tniltil  stimulut  u  M  T  K  L  X  M.T.  K.  an^L 
petsist  continuoMily  until  the  onset  of  the  poiT 
expowre  visual  none;  X  it  chanye4  to  Z  in  the 


middle  of  the  expmufr  inrerval  ^Mto  consecutive 
noise  Heldf  ate  uied  to  tnaeaie  the  effectiveness 
of  the  noi« 
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sidcr  the  additional  exposure  AT^  that  is  needed  to  increave/i|  to 
In  serjal*scannuig  theory,  an  inereasc  of     in    during  Afj  nrearis  that 
as  many  lett^er  %cans  arc  made  in  A7[*2     >n  ATi  If  occasionally  the  iih 
poMdoa  ih  scanned  twice  during  the  exposure,  then  more  letter  scans  . 
must  be  occurring  in  ATi*  inasmuch  as  occasionally  a  letter  that  was 
scanned  in  ATi  will  be  rescanned  in  AT2 ,  and  that  would  be  a  wasted 
scan.  Scnai-scanning  theories  can  be  characterized  as  basically  '^op^ 
heavy  ."  That  is.  when  p]  is  large  1  e„  near  the  top  of  a  graph  like  Fig- 
ure 3b  then  as  many  or  more  scanning  attempts  arc  needed  to  raise  it 
by  a  given  ahiount,  Ap^  compared  with  the  number  when  Pf  is  small 

Parallel-processing  theory  assumes  that  information  is  accumulated 
continuously.  To  increase  p^  from  OJO  to  0.95.  for  example,  requires 
less  than  one  bit  of  information,  whereas  to  increase  p^  frorfi  0.05  to 
0.50  requires  3.3  bits  (when  there  are  20  equiprobable  stimulus  letters! 
This  example  illusirates  a  general  property  of  information-gathering 
systems:  the  first  few  bits  of  information  change  the  probability  of 
being  correct  only-ue£^ig|itly.  and  the  last  few  bits  cause  big  changes. 
Thus.  paraileI-prot>!)sing  theor>'is  "bottom  heavy,**  The  wei^ty  prc^,^. 
cessing  f^ccurs  while  p^  is  small,  tc.,  near  the^bdttom  of  Figure  3b* 

To  relate  these  theories  to  data,  let  us  restrict  ourselves,  for  the  mo- 
ment, to  locations  3, 4.  and  5.  and  to  exposure  durations  of  less  than 
100  msec.  For  example,  consider  an  exposure  of  50  msec  and  divide  it, 
conceptually,  yito  two  consecutive  intervals  of  25  msec.  Figure  3c 
shows  that  there  is  an^equal  or  greater  inca'asc  of  p^  between  25  and 
50  msec  than  between  0  and  25  msec  in  these  three  cases.  Suppose  now 
that  at  location  5  a  different  letter  is  presented  in  each  of  the  two  in-  . 
tervals  the  experiment  described  above  .According  to  the  serial-scan- 
ning theory,  an  eqi^al  or  ga^ater  amount  of  scanning  occurs  in  the 
second  intepKil.  and  so  we  would  expect  the  second  letter  to  be  re- 
ported at  least  as  often  as  the  first  letter, 
.  In  the  parallel*scanning  theory,  in  this  instance,  about  60^^  more 
information  accumulates  m  the  first  25  msec  than  in  the  second  25 
nSsec^  so  we  would  expect  the  letter  from  the  first  interval  to  be  re- 
ported monr  often:  For  parallel  theory  to  predict  quantitatively  how 
much  more  often  <he  fii?t  letter  is  reported  than  the  second  would 
acquire  additional  assumptions. 

^  The  experimental  result  was  that  tho  first  letter  is  neaUy  always 
reported.  We  therefore  reject  the  senal-scanning  theory  ind  tenta- 
tively accept  the  parallel-scannmg  theory  In  50  msec,  the  visual  sys- 
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tern  acbicvcs  stiitkicnt  mtoniuuon,  in  pjullcL  Iryin  a  Icilcr  arM>  to 
rccupni/c  xi%m  three  Icitffs    #    ,  '  « 

I  his  conclusion  is  |H)lcnltalK  unporlanl  loi  u;idcistjndinj:  the  rcjil- 
ing  ol  W4»rds  ll  mcdrns  Uul  lhc\jsujl  system  has  lUe  capacity  tu  pri>-  ' 
ccssa  Mrtird  not  merely  letter  by  letter  or  b>  itsovfrrall  shape,  but  as  a 
complex  pattern  Whether  a  won!  is  rccogni/ed  directly  asu  visual  j)at' 
icriK  or  the  tetters  ar^ecyimi/ed  tirst  and  then  Uieletter  pattern  is 
r(jco|:ni/ed  as  a  word,  or  both  processes  occur  together  w  do  not  yet« 
know  But  we  do  Wnvy^  now  that  the  visual  system  has  vhe  eapacily  to 
gather  enough  jhtbrmation  siimiltaneously  \  e  ,  m  parallel  from  an 
array  of  letters  (a  word  Mo  kfenlity  uniquely  most  «^rdmar>  v^ords  ^ 


Extrcmvh  Raptd  Visual  Svaroh  m  a  (onimut)m  /ask 

rhe  expermients  described  above  measured  visual  scanning  speeds  !rom 
single  exposures  onlj  that  is,  the  speeds  ai.hie\ed  in  smgle  bursts  ot 
stannirig  Could  subjects  maintam  the  same  high  scannmg  speed  in  a 
conunmuis  search  task  *  The  VoHowmg  experiment  was  devised  lo  test 
this  possibility  A  computer^  generates  array<%  of  random  letters  and 
displays  them  on  the  cathode-ray  joscilIoscopc^^Figua'  5  shows  a  m?* 
qutnce  of  3  X  3  arrays  All  the  arrays  except  one  consist  gjititely  ol 
random  Icftersrthe  critical  array  contams  tWikjimeral       ma  ran- 
domly scIccKmJ  hKatipn  The  subject  does  not  Rnow^n  advance  of  Uie 
tnai  which  afray  in  the  scquertce  will  be  the  critical  one.  nor  m  which 
location  the  critical  character*  will  occur  His  task  i!?  to  look  at  the 
whole  sequence  of  arrays  and  to  say  at  which  loCatton  trie  critical 
character  has  occurred  From  the  proportion  of  tim^s  the  sttbiect  k 
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i  IGURI-  $  Uugnm  6t  ihc  «iimulu«  vcqurmc  m  Ihc  M:qucniMl,M:jii.h  ptixAJuic,  t.  fivjliun  field  b,  6  to 
12  letfci  MMyMijndomlv  deieiminedi  v.  ihr  ttiiiiut aiuy.  m  ihi^mtunvc  a<nui.nmg4  '2"  m  Ihc  middle- 
rifhl  lu^4lion  d,  i  2  mote  Ic)|cr  Afnv « 
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able  to  make  tnc  corre<,:t  re^ponsc^  we  can  deduce  the  speed  with  which 
he  IS  able  to  scan  characters  to  determine  whcthct  each  is  a  **2-*'  We  have 
also  tramcd  a  subject  to  delect  the  occurrence  of  any  numeral  among 
letters.  Tlie  discnmtnatton  of  an  unknown  one  of  ten  numerals  takes 
only  slightly  longer  than  the  discnmination  of  a  known  single  numeral 

We'*  have  .studied  arrays  containing  from  I  to  25  letters,  and  pre- 
sented ijew  afbys  at  rates  of  3  to  200  per  second.  We  have  not  yet  cora- 
pleled^U  these  expenments*  but  the  main  results  are  already  clear. 

Subjects  achieve  the  same  high  scanning  speeds  m  thexontiKuous- 
search  procedure  35  Wi^Fr previously  demonstrated  for  single  bursts,  10- 
1 5  msec/leUcr  '^e  highest  scanning  speedvare  achieved  at  presentation 
r|ites  of  about  40  anays  per  second  with  stimuli  containing  nine  or  more 
Ietten>  Under  JJhese  conditions^  the  fastest  subjeU  has  broken  solidly 
,  through  the  lO^nvsec  bamer;  he  can  s^^an  characters  for  the  absence  of 
the  mimeral  **5*'  faster  than  one  telter  per  8  msec  When  nine*letter  ar- 
rays are  presented  at  a  rat$r  of  25  urav^er  second  (40  msec/array)  he 
can  identify  the  location  of  the  cmio^  character  correctly  about  70% 
^f  the  time-  That  means  thai  h^  infectrvely  monitoring  five  of  the 
nine  locations  ^  In  twrms  of  th^urallel-scanning  theory*  this  subject 
can  process  a  fresh  batch  of  fivtfSkOcrs  every  40  msec  ^   ' ' 

When  the  presentation  rate  )s  lowered^  response  accuracy  improves^ 
indicating  that  additional  locations  are  being  scanned.  For  example,  my 
fast  subject  ^cans  the  eoi^ivalcnt  of  about  16  locations  from  a  25-lettejr 
array  when  new  arrays  are  presented  every  160  msec  His  scanning  speed 
goes  down  to  about  one  letter  per  10  msec  at  this  rate,  indicating  that 
loAtions  outside  the  most  favored  six  are  scanned  more  slowly.  Six- 
teen positions  are  the  maximum  that  he  can  scan  m  a  brief  exposure; 
lowering  the  rate  does  not  improve  his  response  accuracy  A  more  typ- 
ical observer  can  sc4n  three  locations  in  40  msec  an0  a  maximum  of  10 
locations  in  a  single  e\|^osure  ^ 

In  conception,  these  search  experimcnt%  follow  the  pioneering  work 
t)f  UInc  Neisscr,^  who' was  the  first  to  study  rapid  scanning  of  this  kind. 
His  subjects  searched  long  lists  for  the  presence  of  a  critical  item  and 
signaled  when  they  had  found  it  [Hie  important  difference  between 
our  procedures  is  not  that  1  use  a  detection  method  and  he  a  reaction 

fltc  estimate    ihc  numNri  of  loiaUoa%  momtoivCi  depcnuJ^  M>meMtul  on  ihe  inicfsing  Mi4t' 
tlui  the  subject  i\  4\Mimed  to  be  uMng  when  be  h«^^  not  %eeft  the  ciilicai  chAf«i;ter  if  he 
t.ould  ?t\c  4btQiuielv  the  mt>a  efficienl  af4teg> ,  he  koM  athieve  4  piohAbility  o(  being  cOv< 
rctt  of  07  even  yf»hcn  he  monitored  only  5  3  Uuatic»n\ 
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•  method*  but  thai  m  Ncisser's  experiments  the  sequence  of  visual  inputs 
is  controlled  by  the  subject's  own  eye  movement*  and  in  my  experi- 
ments, by  a  computer  The  optimal  scanning  rate  m  the  searching  for 
a  '*2"  or  a  **5*'  occurs  at  presentation  rates  that  are  five  times  higher 
than  the  rate  of  eye  movements.  When  the  presentation  rate  of  stimuli 
is  lowered  so  that  it  is  comparable  with  that  of  eye  movements  (e.g. 
200-250  msec),  then  the  processing  capacity    virtually  idle  for  the 
second  half  of  the  interval;  it  has  done  all  or  nearly  all  that  it  can  do  in 
the  Tirst  half  With  more  complicated  processing  tasRs*  of  cpursc,  pro- 
cessing times  would  be  longer  and  the  rate  of.eyc  movements  might  not 
be  the  limiting  factor  ^ 

Although  It  IS  technically  ver>*  difficult  to  implement*  the  method  of 
searching  sequentially  presented  displays  is  most  promising  for  estimat-  . 
ing  proce^^ing  times  and  will  yield  much  of  importance  for  reading.  It 
already  has  provided  one  nontrivml  conclusion  In*  simple  search  tasks* 
the  hmiting  factor  in  perfdiriiance  is  the  rate  at  which  i;ye  movements 
can  be  made,  and  not  the  rate  at  which  information  can  be  processed. 


AVDnOR\  SHORT  TkRM  S\fhfORY 
Audtiorv  Memory  m  Vmal-Recah  ;):sks 

I  claim  that  the  same  factors  limit  recall  of  letters  from  brief  visual  ex- 
posures (assuimng  that  the  letters  are  clearly  visible)  and  from  auilitory 
presentations,  to  such  an  extent  that  visXial  recall  can  be  predicted  from 
auditory  recall  *^ 

•  The  ungmal  evidence  of  auditory  components  in  visual-recall  task's 
Was  introspective  (all  subjects  said  they, rehearsed  subvocally^  and  in- 
direct  (subfecls  did  not  begin  writing  until  a  second  or  more  after  the 
exposure  and  ihcir  visual  mcm.ir>  had  decayed  by  then,  so  auditory 
memory  was  the  only  logical  alternative)     The  ob'^^rvation'*  thatiiub- 
jecls  suffered  auditory  conJuMon  m  visual  recall  (for  example*  D.and  2 
for"! )  was  promising  but  not  puwerfuK The  powerful  evidence  comes 
from  the  measurement  of  **as  deficits/*  a  technique  that  was  intro- 
duced indeptMidentiy  and  almost  simultaneously  in  three  laboratories 
by  (  omad,  Wickelgren*  and  me  (see  Sperling  and  Speelman*''  )•  al- 
though It  could  and  should. have  been  invented  100  years  earlier. 

An  AS  deficit  is  defiired  as  ihe  decrement  in  performance  caused  by  , 
replacing  a  stimulus  composed  of  acoustically  different  letters  (for  ex-  . 
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ample,  F,  H,  Q,  and  Y)  with  acoustically  similar  (as)  letters  (for  ex- 
ample, B,  C,  p,  and  G).  The  deficit  technique  can  be  applied  to  other 
dimensions,  such  as  visual  similarity,  semantic  similarity,  and  pro- 
nounceability.  The  main  fmding  that  concerns  us  here  is  that,  in  the 
usual  test  of  visual  recall,  visual-similarity  deficits  are  small,  whereas 
AS  deficits  are  lai^e.^  That  auditory  similarity  should  be  a  significant 
factor  even  in  a  task  that  involves  only  looking  at  letters  and  writing 
them-  and  never  any  overt  auditory  representation-is  prtma-facie  evi- 
dence of  a  role  for  auditory  memory  in  visual-recall  tasks. 

To  determine  quantitatively  how  much  of  the  memory  load  in  visual- 
recall  tasks  is  carried  by  auditory  memory  is  more  difficult.  However, 
we^'  have  been  able  to  predict  as  deficits  in  visual-recall  tasks,  in 
which  subjects  viewed  a  dozen  letters  exposed  simultaneously,  from 
the  AS  deficits  of  the  same  subjects  in  auditory  tasks,  in  which.they 
heard  spoken  lists  of  letters  and  were  required  to  recall  them.  We  tould 
make  these  predictions  from  lists  spoken  at  either  one  or  two  letters 
per  second  but  not  from  lists  spoken  at  rates  of  tour  letters  per  second. 
The  ra^te  of  silerat  rehearsal  was  previously  estimated  to  be  three  letters 
per  second.*  This  rate  seems  to  be  critical  for  auditory  presentations  of 
random  letters;  at  higher  rates,  recall  performance  deteriorates  rapidly. 
I  would  conclude,  pending  evidence  to  the  contrary,  that  the  same  fac- 
tors limit  recall  from  simultanedus  visual  presentations  and  limit  recall 
of  auditory  sequences  spoken  at  rates  lower  than  four  letters  per 
second. 

A  Phonemic  Model  of  Short-Term  A  uditory  Memory 

The  results  of  38  experimental  conditions  in  whicfi  Mrs.  Speelman  and  I 
measured  recall  of  auditory  stimuli  could  be  predicted  quite  accurately 
from  rules  based  on  a  phonemic  model  of  short*tenn  auditory  memory.^' 
(The  predictions  accounted  for  0.96  of  the  variance  of  the  data.)  The 
phonemic  model  assumes  (1 )  that  individual  phonemes  are  retained  and 
forgbtten  indeTpendently  in  auditor/  memory;  (2)  that,  when  some  of  the 
constituent  phonemes  of  a  letter  are  forgotten,  the  lettec  is  reconstructe< 
as  well  as  possible  on  the  basts  of  the  remaining  phonemes;  and  (3)  that, 
when  the  remaining  phonemes  do  not  suffice  to  identify  the  letter  unlqu 
ip,  a  choice  is  made  from  among  the  most  probable  alternatives.  Accordii 
no  this  theory,  the  reason  that  stimuli  composed  of  letters  chosen  from  A 
alphabets  are  pooriy  recalled  is  that  they  contain  phonemes  that  do  not 
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help  to  discriminate  among  alternative  members  of  the  alphabets.  For 
example,  in  the  alphabet  consisting  of  B,  C,  D,  and  G,  the  phoneme  e  is 
useless  for  discriminating  among  members,  and  retention  of  this  pho- 
neme  in  memory  is  a  waste  of  space-a  precisely  predictable  waste. 

\X  is  reasonable  to  call  the  memory  into  which  an  unrehearsed  audi- 
tory stimulus  enters  an  "auditory  memory."  Because  the  predictions  of 
the  model  apply  equally  well  to  conditions  in  which  there  is  little  sub- 
vocal  rehearsal  and  conditions  in  which'  there  is  a  great  deal  of  subvocal 
rehearsal,  there  is  no  rti>fed  to  postulate  jdifferent  memories  for.rehearsed 
and  unrehearsed  materiiil.  Finally,  because  the  same  generalizations 
govern  recall  of  visual  stimuli,  there  is  no  need  to  postulate  a  different 
memory  for  visual  recall.  \ 

I  should  add  that  a  really  satisfactory  paradigm  for  differentiating 
between  the  recognition  bufffr-memory  and  the  auditory  short-term 
memory  has  not  yet  been  discovered.  Therefore,  when  I  say  "auditory 
memory,"  I  have  to  include  in  it  the  <  ontribution  of  the  rehearsal 
buffer*memory.  That  is  not  much  of  a  complication,  because,  if  the 
contribution  of  the  recognition  buffer  is  small,  then  it  does  not  matter 


much,  and  if  its  contribution  is  large, 
very  much  like  an  auditory  memory. 


then  we  can  say  that  it  must  be 
in  that  the  phonemic  model  (of 


auditory.memory)  accounts  for  so  m  ich  of  the  evidence 


RECAPITULATION 

A  model  of  the  proce&smg  of  information  from  an  array  of  letters  has 
been  proposed.  It  consi^s  of  the  folhwing  components:  a  very-short- 
ierm,  very-high-capacity  visual  memc|ry;  a  visual  scan  component  that 
converts  the  representation  of  a  letter  in  visual  memory  into  the  ad- 
dress of  the  motor  program  for  rehearsing  the  letter;  a  short-term 
memory  for  this  address  (recognition  buffer-memory);  a  rehearsal  com- 
ponent that  converts  the  subvocal  rehearsal  into  an  auditory  rcpresen- 
tatiotv;  an  auditory  short-term  memory  for  the  sound  of  the  letter;  ai^ 
an  auditory  scan  component  that  conveVts  the  auditory  representaticm 
into  the  address  of  the  motor  program  for  rehearsing  the  letter. 

Neural,  functional,  and  behavioral  criteria  for  distinguishing  b/Hu^en 
short-term  and  long-term  memory  have  also  been  proposed.  A  short- 
tej;m  memory  is  made  up  of  neurons  that  are  used  over  and  over  again  , 
by  jill  inputs  to  the  modality;  complicated  functions  can  be  carried  out 
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on  the  contents  of  the  memory;  to  re\rieve,the  contents  of  memory  re- 
quires knowledge  only  of  the  memory's  name  (i.e.,  the  modality  being 
served).  The  neurons  that  form  a  long-term  memory  are  activated  only 
by  very  specific  inputs;  no  functions  are  carried  out  directly  on  the  con- 
tents of  memory;  and  the  contents  of  memory  can  be  retrieved  only  by 
means  of  very  specific  '"associations."  The  components  of  the  processing 
model  are  served  by  six  kinds  of  long-term  memory:  visual,  auditory, 
and^motor  long-term  memories;  and  visual-motor,  auditory-motor,  and  ^ 
motor-aiiditory  association  long-term  memories. 

Experiments  with  visual  postexposure  noise  fields  are  interpreted  to 
mean  that  information  isgaj[(«red^simultaneously-i.e.,  in  parallcl-from, 
three  or  more  letter  locations  at  an  initial  rate  of  one  letter  per  10-15 
msec.  The  visual  system  thus  has,  in  principle,  the  capacity  to  analyze 
a  word  not  letter  by  letter  nor  by  overall  shape,  but  from  information  ^- 
gathered,  in  parallel,  frbm  its  component  letters. 
)  In  the  sequential-se^arch  procedure,  a  subject  searches  a  computer- 

produced  sequence  of  letter  arrays  for  a  character  at  an  unknown  loca- 
tion in  one  of  themv  The  highest  processing  rate  occurs  when  a  new 
array  occurs  every  40  msec.  This  maxima!  rate  of  25  arrays  per  second 
is  5  times  the  rate  of  eye  movements,  lowering  the  sequence  rate  to 
the  rate  of  eye  movements  grossly  impairs  search  efficiency,  the  best 
subject'was  able  to  scan  five  locations  every  40  msec  and  a  maximum  of 
about  16  locations  (achieved  in  160  msec)  in  a  single  brief  exposure.  It  • 
is  concluded  that,  in  simple  visual-search  tasks,  the  rate  of  eye  movc- 
*  ment  will  be  a  limiting  factor  in  search  rate, 

^  The  recall  of  visually  presented  arrays  ofjetters  is  shown  to  suffer  in  ^ 
a  predictable'way  when  acoustically  similar  letters  (for  instance,  B,  C, 
D,  and  G)  are  used.  By  comparing  the  recall  of  visually  presented  arrays 
with  the  recall  of  auditory  letter  sequences,  it  is  Concluded  that  visual 
letters  are  rehearsed  at  fewer  than  four  letters  per  second  (probably 
three  peV  second)  and  thaj  the  rehearsal  is  stored  in  auditory  short-term 
memory.  Ev^n^viheA  letterWray».^rc  presented  visually  and  are  reported 
by  writing  (never  o<tertly  represented  in  an^irtrattory  mode),  they  iire  re- 
membered in  auditory  Short-term  meroory,  as  if  they  had  been  pre- 
sented acoustically. 

In  this  brief  account,  I  have  not  considered  how  eye  movements  arc 
controlled,  how  information  from  successive  eye  movements  is  inte- 
grated, how  long-term  memories  jire  formed,  or  how  subjects  deal  with 
words  and  bigger  units  of  meanipgful  materials.  These  problems  arc  rcl- 
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•evant  and  important  for.the  study  of  visual-information  processing; 
some  are  considered  elsewhere  in  these  proceedings,  hut  most,  unfor- 
_  tun^tely,  are  far  from  solution.  »     .       *  - 

y     '  •■  .  -  •• 
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DISCUSSION 


DR.KAGAN:  Ciii  1  recall  something yQ^(M^  foy^minutts  ago  only  becauie  I 
^     ^   hayc  been  rehearitng  it?  IVould  it  nQt^liniored  iiir  loi^-terili  jpo^moryf    .  .\ 
DR.  SPpRUNGV<ertaiiiJ)^^  r 
widi  I  knew  more  about  how  and^wiiy.  Th^id^ulus  nuferteTi'ln  the  expeiri- 
jnenfs  I  have'6een  ^Kiming  are  randoin  lette^^ 
.  ;  neVSrgef  tnUxjgAg4ermnMniory  injustonetrtal^  ^ 

^  ately  for  only  a  few  seconds.  To  recall  them  tfter  mtervah  of,  say;  10  :sec,  a 

subject  must  rehearse  them  voddly  or  subvocall>£  and  must  not  be  forced  to 
^   .  ^  accept  any  new  i^fifdrroation  into  his  short-term  memory.  If  either  of  these  con- 

•  - '  ^ ditions  is  violated,  the  st  imulus  is  forgotten. 

Repeated  rehearsal  not  only  maintains  the  stimulus  in  short-term  memory, 
buf  helps  it  to  get  into  long-tern)  memory.  We  do  nqt  know  whether  it  is  the 
act  of  reheariing  itself  that  is  responsible,  or  whether  it  is^merely  that  the  longer 
a  stimulus  resides  in  short-term  mertiory  the  likelier  it  is  to  enter  long-term  menv 
,  ory.  To  reiterate,  the  essence  ofahort-term  memory  is  that  the'ume  patch  of 
neural  tissue^  used  over  and  over  again  by  newinputs.  Obviously,  this  same  tis- 
sue cannot  ^Iso  serve  as  a  long-term  memory.  * 
DR.  ULLM  AN:  Is  the  use  of  short-term  memory  a  prerequisite  for  the  formation 

of  long-term  memories? 
DR.  sperIjng:  I  would  Say  that  visual  inputs  pass  through  visual  short*term  mem* 
ory,  and  auditory  inputs  pass  through  auditory  s|iort«lerm  memory.  Given  the 
complexity  of  long*term  :nemory,  I  would  be  rash  to  venture  beyond  that  simple 
statement.  « 
DR.  SCHUBERT:  The  leaders  in  the  field  of  reading  would  have  us  believe  that 
some  children  are  visually  minded  and  some  children  are  kinesthetically  minded. 
When  you  say  that  your  subjects  rehearse  subvocally  andyou  relate  their  per- 
formance to  this  kind  of  rehearsal,  are  you  referring  in  particular  to  kinestheti- 
cally minded  subjects? 
DR.  SPERLING:  No.  What  1  am  saying  is  that,  in  the  particular  recall  tasks  that  we 
have  devised  With  randgm-letter  stimulus  materials,  auditory  memory  is  lamuch 
/  \»  .  I  J  mofVeff^ctive  than i(^^«f  that  w^  barely  deted.an  effect  of  visual  memory.  If  we 
were  dealing  with  wdrds  and  language,  or  with  pictures,  it  might  be  quite  differ* 
ent.  Incidentally,  Dr.  Michael  Sic^l  is  using  our  acoustically  simitar  stimuli  for 
'  itiemory  tests^n  children  with  eidetic  imagery,  and  fmds  that  even  these  ex- 
'  ^  tremely  vilualty  competent  lubjects  do  hot  behave  diff^ently  from  subjects  on 
these  taski 

DR.  HOCHBERG:  Can  you  predict  one  kind  of  memory  from  the  other? 

DR.  SPERLING:  No.  1  did  not     that  I  could  predict  the  capacity  of  a  subject*s 

rt       ^  ,   .  '  . 
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visual  memory  from  tlie  capacity  of  his  auditory  memory » but  rither  that  I  ^ 
could  predict  ai  subjea's  pexformance  on  the  recall  of  visua)  stimuli  from  his 
perfdrm^nce^oft  the  recall  of  auditory  stimuli.  The  reason  is  that  the  stimuli 
tliat  Mrs.  Speelnruih  and  I  used  are  remembered  in  auditory  memory  even  if 
they  are  presented  visually.  That  is,  when  we  make  this  assumption,  we  can 
jvedict  perforn}and^.  ^  \AJ^' 

^    I  do  not  wish  tp'Wrim/^iio  the  position  of  siiying  that  there  is  no  visual 
^  memory!  theu  j^ertainly  is.  But  except  for  the  very-short-term  visual'memory, 
visual  Yiien\Giry  seems  to  betiasically  unadapted  to  recall,  and  so  we  c^iiui  find 
mtich^vidence  of  it- in  recall  tests.  To  find  outabout  short-term  visulL memory, 
or  perhap^ptermediate-term  visual  memory,  we  have  to  use  recognition  procedures, 
Even  that  is  not  sufficient  in  itself.  If  efficient  verbal  codes  exist,  they  will  be  re- 
membered in  auditory  memory  and  in  other  rpemories  and  thereby  override  the 
vjsualj^heUmena  that  we  are  trying  to  measure.  The  stimuli  to  be  recognized  ^ 
visually  hi^e  to  be  made  nohverbalizable.  Or  they  have  to  be  so  constructed  that 
a  verbal  description  of  them  would  be  so  inefficient  that  subjects  would  not  be 
tempted  (a  try  tt  or,  if  they  did;  it  would  not  aid  them.  I  use  a  computer  togen- 
er^ate  visuallstimuli  and,  with  small  modifications  in  the  program  (occasionally 
unintentioftti),  it  produces  good  characters  for  a  recognition  experiment.  These 
are  made  onbasically  the  same  segtnents  asietters,  but  joined  in  different  ways. 
They  look  like  elements  from  an  unfamiliar  Eastern  scrawl  (see  Figure  4).  The 
computer  produces  an  almost  limitless  variety  of  different  characters,  so  that 
none  of  them  becomes  familiar. 

>  in  our  test!  we  show  the  subject  a  stimulus  twice,  with  an  interval  of^a  few 
milliseconds  to  16  sec  between'the  two  presentations.  The  stimulus  is  com- 
'  posed  of  six  orlten  of  these  characters.  Ir  the  secon^  presentation,  dnebf  the 
characters  is  ajtered,  and  the  subject's  task  is  to  say  which  character.  From  the 
accuracy  of  his  lesponse,  we  deduce  how  many  characters  he  is  remembering 
correctly.  In  preiim'inary  experiments  with  this  method,  we  again  found  the 
very-short -term.  Very  high-capkity  visual  memory.  Beyond  the  first  quarter  of 
a  second,  perfornunce  was  disapaH)intingly  poor.  Subjects  are  able  to  retain' 
enough  infornuition  about  only  t\o  or  three  characters  to  recognize  that  they 
have  been  changedl  However,  the  time  constant  of  fprgelting  was,  surprisingly, 
so  long  that  I  couia  not  estimafl^  it'properly.  These  experiments,  like  most 
others  that  have  bee|n  used  to  investigate  visual  memory,  have  their  problems 
(Hochberg,  J.,  in  R. N.  Haber,  Ed  Contemporary  Research  and  Theory  in  Visual 
Perception.  New  York;  Holt,  Rinehart  and  Winston,  Inc.,  1968.  pp.  309-331), 
but  I  cite  them  to  shdw  that  measurements  of  shorf-term  visual  memory  are 
.being  made  (see  also  sl|iepard,  R.  N.»  J.  Verbal  Learning  Verbal  Behavv6: 1 56- 
163,  1967). 

DR.  SHANKw^lLK^R:  it  ieems  to  me  that  yoO  should  not  attribute  your  findings 
to  auditory  memory.  I  suggest  that  subjects  arc  coding  into  language. 
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^^^^JMW«^RLING:  The  kind  of  auditory  memoxy  1  have  been  discussing  Js  basically 
veryshnple,  although  some  of  its  properties  are  very  complex  and  nuiy  sur* 
prise  uV-  If  you  had  available  a  pile  of  neurons,  I  could  tell  you  how  to  connect 
them  to  make  an  auditory  memory.  In  conception,  it  is  very  much  like  a  sound 
•spectrograph;  the  same  basic  construction  would  serve  dther  a  mouse  or  a  man. 
It  is  a  menK>ry  for  sounds;  let  us  reach  semantic  agreement  on  that  point. 

To  construct  a  meniory  tlhat  remembers  not  merely  sounds  but  linguistic  unitt 
would  be  incredibly  more  difflcull.  I  should  think  that- one  would  not  even  under- 
take  it  unless  one  already  had  a  very  good  auditory  memory  foi  sounds.  But  that 
is  a  philosophic  answer.  That  I  like  to  "keep  things  simple  does  not  mean  that 
nature  does.  In  fact,  your  hypothesis  about  linguistic  memory  probably  could 
be  formulated  specifically  in  terms  of  an  alternative  model  and  subjected  to  ex- 
perimental investigation.  I  invite  you  to  do  so. 
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Attention  in  Perception  and  Reading 


Reading  text,  listening  to  speech,  viewing  scenes  and  pictures-  these 
activUie?  are  not  automatic  responses  to  an  arrtfy  or  sequtncQ^of  pat- 
terned stirpuli.  A  reader  docs  not  simply  look  at  a  block  of  text  and 
absorb  its  message.  He  must  **pay  attention"  to  the  display;  what  this 
means  has  not  yet  been  well  worked  out.  Attention  is  often  thought  of 
as  a  separate  faculty  that  opefates^n  the  perceptual  process -e.g.,  as  a 
determinant  t)f  degree  of  arousal  or  sensory  facilitation  or  as  a  gate  or  * 
a  filter.  If  attention  functions  in  this  general  way,  ft  might  be  of  prac* 
tical  importance  to  study  its  effects  on  reading  behavior;  but  it  would 
not  be  very  interesting,  theoretically,  as  a  source  of  insight  into  the  na- 
ture of  the  reading  process  in  particular,  or  of  perceptual  processes  in 
generaJ. 

Altc:  natively,  one  can  consider  that  the  phenomena  of  attention  a;e 
intrinsic  and  inseparable  aspects  of  the  perceptual  process.  One  might 
think  of  statements,  gomg  back  to  Brcntano,'  ,  that  perception  is  pui- 
posivcjntentional,  and  .directed,  and  so  on  statements  that'have  to  be 
fleshed  out  if  they  are  to  be  meaningful.  Let  us  view  the  reading  pro* 
cess  as  an  intentional  activifv  :  an  activity  that  has  unique  character 
istics«  but  that  also  draws  on  abilities  used  in  listening  to  speech,  on  the 
one  hand,  and  in  looking  at  objects  and  pictures,  on  the  otj|ef . 
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LISTENING  TO  SPEECH  * 

Consider  the  act  of  listeninjg  to  speech:  It  is  easy  to  demonstrate  that 
attention  is  necessary  to  speech  perception.  As  a  considerable  amount 
of  research  has  shown,  jf  a  subject  is  required  to  attend  to  one  of  two 
simultalieous  and  fairly  rapid  monologues,  he  seems  to  fail  to  hear  the  ^ 
content  of  the  unattended  message.  Many  workers  Kave  explained  such 
selective  attention  by  positing  a  Tilter  that  passes  the  attended  signals 
and  attenuates  or  even  blocks  the  unattended.  Such  a  filter  would  re-- 
quire  niany  unlikely  and  complex  properties.  If  both  voices  speak  the 
same  message,  but.  the  unattc^nded  one  lags  behind  the  attended  one, 
after  a  while  most  subjects  realize  that  both  messages  are  the  same.^ 
However,  as  a  general  statement,  it  is  not  true  that  the  content  of  the 
« unattended  message  is  unheard* ' 

If,  for  example,  the  subject's  own  name  appears  in  the  unattended 
channel,  he  will  pick  it  up,  itnd,^  although  it  is  easy  to  see  how  oi^  could 
'Uune'*  a  Tiltef  in  terms  of  frequency  or  any  other  simple  characteristic, 
it  is  very  hard  to  see  how  one  might  do  so  in  ]terms  of  analyzed  verbal 
meaning.  For  these  and  other  reasons,  Neisser*  and  P*^  have  proj^sed 
that  there  is  no  filter.  Suppose,  instead,  that  the  listener  do^s  the  fol- 
lowing wl\^frh£  receives  a  phoneme  in  a  voice  to  which  he  Wi^nts  to 
attend.  He  seleas  a  plan  to  produ'^e  some  welUpracticed  fragftient  of 
speech  that  starts  with  the  phoneme  just  received.  By  ''welli]»r«cticed 
fragment  of  speech;**  1  do«ot  mean  that  he  is-actually  pactngl-lctually 
goin^j^irough  a  subvocalizattdn-nor  that  auditory  ima^^s  are  gfi^ing 
through  his  mind.  I  mean  that  he  has  rcfadied  a^ensorimotor  pro|ram\ 
that  would,  if  activated,  ncsuU  in  verbal  articulation.  He  selects  i^well*\ 
practiced  fragment  of  speech  that.starts  with  the  phoneme  that  li^  has 
ju|^  received  and  listens  for  the  later  occurrence  of  one  or  two  dis^c-  ^ 
tivc  phonemes  in  the  speech  fragments.  If  he  actually  receives  whatj^e  \ 
anticipates,  he  goes  on  to  anticipate  the  next  speech  fragment.  Thus^it  \ 
is  the  expectations  that  are  being  tested,  rather  than  the  entire  sequefice 
of  phonemes  that  were  presented.  What  is  important  is  the  confirmed  \ 
speech  fragments -the  listener's  expectations,  rather  than  the  sound*  : 
waves  actually  presented. 

This  would  explain  what  happens  in  the  two-channel  experiment.  The 
subject  makes  an  active  anticipatory  response  to  the  initial  phonemes  - 
that  he  hears  in  the  voice  to  which  he  is  to  attend.  Meanwhile,  phonemes 
that  are  uttered  by  the  unattended  voice  are  briefly  stored  as  unrelated 
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sounds,  not  as  the  confirmed  expectations,  and  will  t*enerally  fade  from 
memory  while  the  subject  reports  the  attended  message.  The  unattended 
message  is  presented  but  not  anticipated  and  encoded  m  any  memorable 
fonn;  The  assumption  that  attentive  listening  depends  on  fhis  kmd  of 
linguistic  extrapolation  yields  several  predictions  about  twoH;hannel 
listening  experiments;  in  general,  these  predictions  seem  to  fit  the 
existing  data. 

The  most  frequent  technique  used  is  shadowing.  This  procedure  en- 
sures that  attention  is  being  paid  to  the  desired  channel,  and  at  thc.same 
time  one  has  a  measure  of  how  well  that  channel  is  being liearrt.  If  the 
prime  message  cjocs  not  have  any  syntactic  redundancy,  but  is  a  group 
of  unrelated  sounds  that  have  no  meaning,  then  extrapolation  is  im- 
possible- and  so  is  shadowing.  This  observation  makes  good  sense  in 
terms  otan  expectancy  model  of  attention,  but'it  makes  little  sense  m 
terms  of  a  filter. 

Of  course,  there  may  also  be  a  filter,  and  there  are  other  kinds  at 
intellectual  capabilities  that  may  contribute  to  u(tention  in  general. 
But  my  point  is  that,  if  learning  to  listen  to  speech  is  a  process  mvolv- 
ing  redandancics  of  sound,  then  the  two-channel  attentionaj  phenom- 
ena result  from  an  intrinsic  aspect  of  the  listening  process  and  not  from 
the  action  of  an  additional  faculty.  Something  like  this  should  also 
occur  in  readmg.  which  is  rooted  in  the  listening  and  speaking  process. 


LOOKING  AT  TEXT 

fteading  must  draw  also  on  the  abilities  of  the  visual-motor  system, 
whose  skills  are  originally  developed  in  looking  at  the  world  of  scenes 
and  objects.  Like  listening,  looking  brings  the  subject  a  temporal  se^ 
quence  of  patterned  stimuli.  He  must  integrate  the  successive,  restricted 
glimpses  of  the  world  that  he  obtains  about  four  times  a  second  through 
his  small  area  of  clear  fovi^al  vision.  Unlike  the  listener,  however,  the 
viewer  docs  not  have  to  rely  only  on  contextual  redundancy  to  antici- 
pate the  next  moment  s  stimuli.  His  wide  area  of  peripheral  vision  gives 
him  an  intimation-of  the  future,  of  what  will  meet  his  nc*xt  glance^  And, 
because  eye  movements  are  fully  pro-jrammcd  in  advance  of  their  execu- 
tion, any  efficient  sampling  of  the  p^fipheral  vision  also  tells  him  roughly 
where  his  present  fixation  fits  in  the  overall  pattern. 
Obviously,  there  are  many  ways  to  retrieve  meaning  from  a  printed 
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page  or  a  scene*  and.  as  Alpern  noted  earber  (p.  1  l^h  the  periphery  is 
not  essential  to  visionrYou  can  read  without  it.  and,  as  GUckstein  told 
us  (p,  1 39).  you  can  retain  relatively  little V  the  nervous  system  and 
V.  still  have  good  form  perception.  I  think  sttcu  f^cts  are  misleading;  I 
think  It  IS  more  a  question  of  how  the  visual  equipment  is  used  wheo 
you  do  have  »t  than  a  question  of  what  kind  of  behavior  process  or  pros- 
thetic capability  you  can  call  on  when  you  do  not  have  normal 
equipment. 

Two  processes  are  available  to  vision,  and  consequently  to  readings 
that  make  it  differtjnt  from  listening  We  can,  to  some  extent,  antici- 
pate what  IS  coming  on  the  basis  of  what  is  on  the  retina  in  peripheral 
vision,  and  we  also,  to  some  extent,  have  a  record  of  what  we  saw  after 
fixation  from  what  is  still  present  in  penpheral  vision.  However,  experi- 
ments in  which  the  subject  views  a  m.ovmg  scene  without  using  periph* 
ei  jl  vision  show  that  the  adult  observer  has  cognitive  bases,  in  addition 
to  those  offered  by  peripheral  vision,  for  expecting  whaf  each  new  fixa- 
tion will  bring.  He  has  cognitive  sDhi5mata  into  which  he  can  fit  each 
glimpse,  so  that  he  has  a  single  **map"  to  store  during  the  looking  pe-  • 
nod  and  not  a  sequence  of  mdividual  glimpses. 

Reading  is  'a  form  of  looking,  and.  as  a  kind  of  vKual  perceptual 
behavior,  it  must  share  some  of  the  charactensticsof  lookmgl  But  the 
attentional  ^ompoticnts  of  normal  looking  at  scenes  and  shapes,  which  ' 
are  u^oubtcdly  weU  ptacticed  long  before  school  age.  probably  run 
counter  tu  those*  needed  when  a  person  is  leammg  to  read  or  is  reading 
^      a  difficult  text  Therv  aa*  few  occasions  in  normal  looking  to  make 
small,  successive  adjacent  fixations,  whereas  the  first  task  for  A  child 
•  when  he  learns  lu  read  is  to  put  letters  together  into  words  by  such 
adjacent  fixations  surely  an  unaccustomed  task  for  the  visual-motor 
system 

A  practiced  reader,  in  contrasts  has  Ireed  himself  from  that  unpleas* 
ant  necessity  He  samples  a  display  of  the  text,  rather  than  looking^at 
each  letter  He  has  learn<'d  to  respond  effectively  to  the  few.  features 
seen  with  crear  fovea!  visson  b>  expecting  an  entire  word  or  even  a 
%    iihra^%  He  needs  to  fixate  only  the  parts  cf  the  array  farther  along  the  * 
page  tlut  will  enable  him  to  formulate  new  guesses  as  well  as  to  check 
his  current  guesses  His  expectations  of  what  he  wiH  find  are  based  on 
the  syntax  and  the  meaning  of  what  he  has  just  read,  and  they  must 
also  be  based  on. the  blurred  view  provided  by  peripheral  vision.  A  be- 
ginning reader  probably  makes  htlle  use  o(  peripheral  information,  and 
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•  is  fherefore  less  hampered  th;m  an  experienced  reader  when  periph(;ral 
vision  -perijiyheral  information  is  reduced,  for  example,  by  making  the 
interword  spaces  indiscrimmable  to  peripheral  vision  by  running  the 

Vwords  together.*  Presumably,  the  same  i^  trtle  of  a  reader's  ability  to 
guide  his  sampling  of  the  text  by  cognitive  factors.  The  better  tife/ 
reader*  the  more  widespread  the  fixations  by  which  he  samples  the  text, 
as  long  as  the  text  provides  contextual  redundancy  and  as  long  as  the 
task  permits  the  reader  to  leave  individual  letters  uninspected  that  is. 
as  long  as  the  reader  attends  to  meaning  or  content,  rather  than  to 
filing,  ^     \  \  ' 

^  Like  the  listener,  therefore,  the  reader  \s  engaged  in  formulating  and 
testing  speech  .fragments,  but  he  can  use  the  information  given  in  periph- 
eral vision  fas  informed  by  his  bnguistic  expectancies)  to  select  the 
places  at  which  he  obtains  successive  stimulus  input.  This  is  like  run- 

,  ning  very  fast  dfvcr  broken  terrain,  anticipation  is  needed  for  making 
adjustments.  This  is  a  headlong  flight  through  the  text,  not  "informa- 
tion processing,**  letter  by  letter. 

For  example,  when  a  reader  follows line  of  type,  letters  above  and 
below  it  are  often  technically  visible  and  fall  well  within  his  acuity.  I 
suggest  thatt  lik$  the  voi^^e  m  the  unattended  channel  previously  de- 
'scribed.  letters  above  ^ind  belqw  the  line  are  simply  not  anticipi^ted. 
not  encoded,  and  therefore  not  remembered  in  any  linguistic  structure,. 
And,  as  with  two-channel  listening  experiments,  itshould  be  possible  to 
produce  intrusions  into  noripal  lineari/eading  by  placing  suitable  ma- 
terial, such  as  a  su4)ject\  own  name,  in  the  unattended  hnes.  This  is  a 
prediction  thai  I  made  earlier^  and  that  was  recently  confirmed  in  an 
unpublished  report  by  Neisser 

This'bnng^  me  back  to  the  question  What  would  happen  if  you 
presented  bits  of  tent  to  a  subiect  tn  a  sequence  that  would  be  similar 
to  views  provided  by  reading  saccades  but  not  actually  produced  by 
saccades  initiated  by  the  subject''  Would  the  result  be  normal  reading, 
inasmuch  as  the  stimulus  vequepce  is  similar  to  that  which  would  re- 
sult from  an  intention  to  read  '  i  argue  that  it  woufd  not  that,  when 
the  subject  moves  his  eyes  in  reading,  he  is  not  just  moving  his  eyes, 
but  is  looking  for  specific  features,  testing  his^xpectations  of  what  he 
will  see  next.  If  he  is  simply  receiving  bits  of  text,  with  no  attempt  to 
formulate  and  test  hnguistn:. structures,  the  tetters  or  words  that  he  sees 
should  quickly  exceed  his  memory  span.  The  display  should  provide 
neither  meaning  nor  clear  temporal  organization.  In  contrast,  when* he 


JULIAN  HOCHBERC 


looks  at  text  with  an  intention  to  read  it,  he  fits  speech  fn«ments  to 
the  letters  glirnpsed  with  each  fixation,  the  speech  fragments  then  af- 
ford a  meaningful  linguistic  structure  by  which  successive  glimpses  may 
be  stored  and  repeated. 

In  this  reading  model,  "payS^g  attention"  is  an  integral  part  of  the 
reading  princess,  and  it  depends  on  the  t«sk  and  on  the  reader's  synUc- 
tic  and  semantic  knowledge  and  vocabulary.  Some  of  the  implications 
have  been  tested  in  research;  many  more  havr^fct. 
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DISCUSSION. 


DR  liss  Speech  IS  diffcicm  from  leading,  in  tlutyuu  arc  wolkingon  what  you 
ju$l  heard,  rather  than  antic:  ^ating  Fur  example,  if  t  said-  suppose  you  h<d 
wanted  to  -^now*  I  am  uymh 

DH  HocHBHtG  Iwasf.yingtahsicntoyou,andwhatlheardwas,ofcaurte, 
impossible  lo  anticipate  My  prcjentation  is  obviously  simplified,  but  I  think  that 
/your  infuitive  objection  is  also  loo  simple  Thai  no  skilled  acUon  t equires  atten* 
fiunal  activity  is  speculation  on  yout  part.  If  you     listenmg  to  difficult  speech 
relatively  low  redundancy  speech  tomuig  ai  a  fairly  rapid  clip,  of  course  your 
atuicipatiofi^i  arc  relatively  slaw  If  yc<i  had  been  ^ble  to  attend  to  what  I  was 
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4aying  very,  nty  carefully,  listened  for  all  the  inflecuons,  it  would  have  been 
another  matter. 

on.  uss  You  are  reducing  the  possible  atternaiives  (o  such  a  low  level  (hat  you 
can  anticipate  full  names.  Usually,  we  do  not  speak  (h^S4:arefully.  and  the 
mises  are  receiving  novel  stimuli  and  are  unable  to  diffeientiate  sentences. 
There  are  too  many  possibihties  to  conclude  that, 
DR,  HOCHMERG  The  sentences  may  be  novel,  but  the  contexts  in  which  those 
sentences  are  used  under  normal  conditions  are  far  from  novel.  I  am  sure  you 
did  notiiave  to  pay  attention  to  full  names  to  get  a  full  name.  Y^u  do  not  have 
to  test  those  full  names.  These  are  working  names,  and  you  have  far  from  novel 
characteristics  heie-you  can  hear'the  names  with  these  preliminary  sounds  just 
as  wMI  as  with  the  full  names.  Just  listen  to  alt  the  political  speeches.  I  think  you 
will  Tind  Uut  the  only  information  commg.m  that  you  actually  need  may  be  the 
Tirst  few  sounds,  to  give  a  clue  as  to  what  the  speaker  is  saying.  You  aie  perfectly 
capable  ofthandhng  familiar  speech  at  much  greater  speeds  than  you  normally, 
would  be  able  to  tolerate  with  denser*  more  foreign  types  of  speech 

One  does  something  like  that  ^n  reading,  except  tha?  'he  reader  can  conttol 
his  own  rate  of  reading.  And  the  span  of  anticipation  yi  reading  will  also  depend 
oit.both  task  and  redundancy,  if  you  are  a^tuallv  reading  a  paper,  you  ate  not 
attending  to  the  meanmg  of  what  is  being  said  around  you>  AIso«  you  an  read 
a  ptpit  in  the  sense  that  f^ou  are  only  proofreadling,  you  might  not  t)e  able  to 
explain  it  or  make  any  sense  out  of  what  you  ate  reading,  but  still  be  doing  a 
good  job  of  proofreading. 

it  seems  to  me  that  yoM  rather  nicely  focused  m  the  problem  of  the  child  who 
staits  to  read  for  the  fust  time.  As  to  whether  whal  I  have  said  has  any  implica- 
tion for  the  varymg  methods  of  teaching  reading,  I  do  not  know>  1  have  a  couple 
'of  disjointed  thoughts  about  that.  6ne  of  them  is  about  the  old  prescription  that 
seems  to  be  universally  fuHowed  of  using  large,  well-spaced  type  with  very  few 
words  on  a  page.  This  can  Have  many  explanations  An  obvious  one  is  that  it  re  , 
quires  the  bepnmng  reader  to  hobble  his  eye  movemerits  less,  he  has  to  make 
fewer  small,  adjacent  saccades  that  run  counter  to  his  |iormal  scene -sampling 
strategies.  Also,  you  can  say  that  the  child    not  capa![)Ie  of  discnmuiating  small 
letters,  I  do  not  know  what  that  means  in  any  reasonable  sense,  inasmuch  as  ha 
visual  acuity  >^  probably  a  lot  better  than  mine  when  he  starts  to  read.  It  ^cems 
clear  to  mc  that  limitations  in  his  sampling  behavior  are  involved,  not  anything 
abou/  recepiv^  fields  or  about  vision  itself  > 

if  IS  by  no  means  rare  for  children  to  teach  themselves  to  lead  A  very  small, 
unpcwn  proportion  of  children  do,  in  fact,  teach  the mseWes  to  read.  This  seems 
ttr me  to  be  suth  an  important  fait  concerning  the  alleged  difficulty  ofacquuing 
reading  capacities  that  it  ou^it  not  to  be  ignored  How  these  children  teach 
themselves  to  read,  and  by  what  routes*  should  be  attended  Ip.  t  find  it  implaus- 
ible that  they  are  all  following  me  same  route.  I  expect  that  it  does  not  matter 


ERIC 


234 


:!25 


how  they  get  through  the  initial  stages,  hon^  they  learn  to  sample,  how  to  make 
good  guesses.  To  get  back  to  the  point  of  this  meeting,  reading,  let  us  try  this 
prescription;  The  child  should i>e  started  with  material  as  close  to  his  own  tisten* 
ing  vocabulary- thr^nits  into  which  he  normally  breaks  heard  speech -as  po§>^ 
sible/If  you  are  dealing  w^h  children  of  thi  ghetto,  whose  habitua^  language  it. 
very  different  from  that  of  the  initial  primer,  then  you  should  design  primers  in 
which  the  constramts  are  close  to  the  guesses  that  he  is  going  to  make  when  look* 
ing  at  a  block  of  letters^^Primers'should  be  designed  so  that  the  child*s  guesses  are 
.  going  to  be  right  more  often  than  not.  Letter^group  combinations  that  do  not  en* 
courage  guessing  are  probably  noAreinforcing.CerUtn  things  start  children  on 
skimmmg,  rather  than  reading,  and  there  is  a  distinctjon  between  skimming  and 
reading  that  workers  on  "reading  itself  hav©  made  that  is  probably  unwise. 

OR .  M  ASL^ND-  Some  children  have  much  more  difnculty  with  auditory.stimuli» 
particularly  verbal,  than  other  stimuli.  It  is  not  important  to  have  auditory  atten- 
tion, which  is  involved,  as  yoaand  others  have  pointed  out,  in  the  visual  repre- 
sentation of  language;  but  it  i»  important  to  be  able  to  use  methods  that  help 
children  increase  their  auditory  attention  when  the  meanings  of  the  things  said 
aie,prescnted  in  a  visual  forrti. 

OR  tiocHBivHG.  I  wajt  speaking  to  just  that  pomt.  If  t|ie  child  has  a  vocabulary  5f 
expectancies  you  can  increase  the  span  of  auditory  attention  simply  by  increas* 
ing  the  chunk  size  of  the  message,  that  is,  the  chunk  sizf  for  him.  Obviously,  if 
someone  says  "Fourscore  and  seven  years  ago,"  I  only  have  to  check  it  minutes 
hence  to  see  whether  oi  not  it  is  the  Gettysburg  Address,  although  I  jun  not 
really  attending  in  between.  And  that  is  why,  at  the  beginning  of  my  peienU- 
tion,  I  put  "pay  attention"  in  qtiotes.  Among  children  who  have  difficulty  in 
pay  mg  attention,  there  may  be  some  for  whom  the  difficulty  is  organic,  there 
may  be  some  for  whom  this  is  proof  of  various  motivational  factors-they  just 
do  not  want  to  listen;  and  ihctt  may  be  some  who  .cannot  pay  attention  be- 
cause the  redundancy  is  too  low.  For  the  latter  to  "pay  attention"  would  re- 
quire far  more  predictive  ability  and  far  more  alertness  than  could  be  mustered,  ^ 
far  shorter  reaction  times,  far  larger  vocabulary,  I  think  that  these  elements 
would  have  to  be  separated. 

DH  HlH^Hri  wonder  whether  the  vision  people  can  tell  us  whether  the  span.^.>- 
measured  in  angles  or  distances,  can  vary  as  one  reads  across  a  line?  This,  it) 
seems  to  me,  would  be  necessary  to  make  reading  analogous  to  listening  to 
speech.  We  are  talking  about  the  problem  of  segnnen ration ;  in  the  case  of  lis- 
tening to  spoken  language,  the  size  of  the  chunk  that  you  take  in  varies  from 
point  to  point  ih  a  lentence.** 

I  am  sure  we  would  all  agree  that  the  visual  process  of  reading  would  be 
impossible  if  we  forced  the  child  to  read  through  a  reduction  tube  orily  one 
letter  big,  so  that  he  had  to  scan  one  letter  at  a  time.  However,  if  language  does 
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make  this  great  dirrerence  in  reading,  then  it  ought  to  be  true  that  glances  or 
their  content  on  the  retina  are  of  dirferent  sizes. 

DR.  hochbi:kg.  You  cannot  ask  that  question  in  that  form,  I  think,  because  the 
acuity  needed  to  pick  up  the  confirmatory  information  for  any  given  message  is 
going  10  be  a  function  of  the  redundancy  of  that  message  to  begin  with.  If  my 
hypothesis  about  how  much  information  is  going  to  come  next  is  going  to  be 
answered  by  "Yes,  here's  a  space  and  a  period,**  1  can  pick  that  up  at  the  periph- 
ery, maybe  10  deg  out.  If  I  am  going  to  have  to  distinguish  between  an  **e'*  and 
an      or  an  "a**  and  an  "s,'*  it  is  going  to  have  to  be,  say,  within  5  deg.  So,  in- 
deed, there  is  a  variabl^pan  already  given  in  terms  of  the  kind  of  question  that 
you  have  asked.  I^fejiMf  you  could  partial  out  that  redundancy  factor,  thenVou 
might  ask  the  visiof  people  whether  the  span  is  variable,  and  the  answer  would 
probably  be  *'no.**  Bid  I  do  not  see  how  you  can  partial  out  that  redundancy. 

DR.  SPERLING:  It  hasb\enshown  that,  in  a  single  glance,  a  person  usually  gets 
far  more  information  than  he  can  process  before  making  the  n«;xt  glance,  it  is 
useful,  therefore,  to  distinguish  between  the  amount  of  information  available  in 
a  glance  and  the  fraction     *    information  that  is  ultimately  processed. 

bR.MASi.AND:  I  would  lik        .  for  clarification  of  a  problem  that  seems  to 
represent  a  very  important  concept.  You  mentioned  that^  in  regard  to  visual 

'    attention,  a  person  samples  his  surionndings  against  a  relatively  fixed  map.  That 
is  to  SfjQT,  a.  spatial  display  is  being  continually  sampled,  but  it  is,  in  a  ^^nse,  a 
fixed  pattern,  whereas  the  auditory  display  and  the  sampling  of  it  are  tempcv 
rally  dispersed  elements.  This  represents  an  important  aspect  of  reading  tests, 
which  you  skimmed  over  rqthcr  lightly:  a  person  in  a  sampUng  has  a  visual  map 
fixed  in  such  a  fashion  as  to  achieve  a  sequential  event  or  a  scries  of  events  that 
fits  into  an  auditory  display,  wl^ich  is  a  temporal  display. 

DR.  HOCHBFRG:  You  ai)^|)rrect  in  yourmterpretation,  and  you  are  correct  that 
I  did  skim.over  it  lightly.  You  are  also  correct  in  the  implication  that  there  is  not 
a  lot  of  filling-in  that  I  can  do  except  to  say  that  it  is  indeed  a  problem  and  that 
the  ability  to  integrate  our  successive  glimpses  of  the  world  into  fixed  spatial  per-  < 
ceptual  maps  must  be  rather  well  established  before  we  learn  to  read.  That  ability 
is  certainly  drawn  pi.  in  the  reading  process,  for  example,. when  you  go  from  one 
line  to  the  next  on  a  printed  page  as  that  page  moves  around  while  you  read  in  a 
jrfgging  trolley  car.  ^ 

But  the  temporal  sequence,  I  have  been  argumg,  is  not  essentially  a  visual 
fufiction:  it  i^  a  linguistic  function.  It  is  a  matter  pf  simple  convention  that  you 
are  always  going  to  read  from  left  to  right  until  you  get  to  the  erui  of  the  line. 
That  alone  is  not  sufficient  to  impose  a  constant  perceptual  order;  it  on  only 
guide  a  sequence  of  looking.  The  temporal  order  is  given  by  the  Jinguistic  struc- 
ture and  is  not  part  of  the  visual  process  in  any  direct  sense. 

DR,  MAS  LAND  It  IS  unprovcd  that  the^patfal  map  is  primarily  a  righthanded 
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tphereor  preoccupation,  if  $:ou  will,  tnd  the  auditory  temporal  map  primarily 
a  lefthanded  sphere.  I  do  not  know  whether  Dr.  Sperry's  observations  coirfkm 
that. 

DR.  ING  RAM :  Dr.Hochberg  has  emphasized  the  importance  of  the  child's  learning 

.   about  the  sepnental  features  and  the  syntax  of  the  qK>ken  linguaie  he  is  in  the 
process  of  acquiring.  But  he  has  not  emphasized  the  importance  of  nohsefOMotat 

*  features.  Rhythm  and  intonational  patterns  may  well  be  crucial  to  the  chOd  try- 
tng  to  comprehend  the  significance  of  what  is  said  to  him  ^i  an  early  stage  of 
'speech  developnnent.  Rules  vf  grammar  are  probably  acquired  consideraUy  later. 
Consider,  for  example,  tlie  complexity  of  sentences  involving  fhe  use  of  the  nega- 
tive^ such  as  "^He  is  coming,  isn*t  hi?**  or  **He  isn*t  coming,  is  he?**  Children  havt 
to  learn  how  to  use  the  negative  in  these  situations.  It  is  wrong,  for  example,  to 
say  ^He  is  not  coming,  isn*t  he?"  or  "He  is  coming,  is  he?**  Before  he  reaches  an 
understanding  of  the  grammatical  jules  underlying  such  utterances,  he  depends 
on  other  informational  aspects  of  language. 

DR.  HOCHBERG:  "^He  is  comtng,  isn*t  he?**~there  are  intonations,  paralinguisti^ 
what  the  story  is  about,  ai)d  so  on.  That  is  probably  why  children*s  books  are  aO 
picture  books-as  a  substUute  for  such  sources  of  information. 

DR.  LiNDSLEY :  I  would  like  to  try  to  tie  together  something  Dr.  Hochberg  has 
said  with  what  we  have  heard  with  respect  to  electric  potentials  of  the  brain. 

I  think  that  we  are  all  aware  that  one  can  look  and  not  see,  one  can  see  and 
not  perceive,  and  one  can  perceive  and  not  remember.  Perhaps  one  can  per- 
ceive and  remember  and  not  learn  or  develop  a  concept.  t>r.  Hochberg  wascem- 
phasizing,  particularly,  selective  attention  to  speciflc^points,  perhaps  to  the  type 
that  one  reads,  or  perhaps  to  somethuig  else  that  is  related  to  it.  In  talking  about 
electric  potentials  of  the  brain.  Dr.  Buser  mentioned  associative  potentials  that 
have  a  longer  latency  than  primary  potentials.  In  our  work  on  selective  attentive* 
ness  (Spong,  Haider,  and  Lindsley,  Science  14a:39S-397, 1965),  we  have  given 
subjects  a  pattern  of  stimuli  rmide  up  of  clicks  and  flashes  alte  nating  in  seq^^nce 
and  have  instrycted  them  to  pay  attention  to  flashes^and  ignore  clicks.  The  aver- 
age evoked  potentials  to  the  flashes,  recorded  over  the  visual  area  of  the  brain, 
were  enhanced,  whereas  the*  responses  to  the  same  flashes  were  reduced  when 
the  subjects  were  instructed  to  pay  attention  to  clicks  and  ignore  flashes!  ^the 
potentials  that  were  enhanced  in  amplitude  were  the  late  components  oi^the 
evoked  response,  which  would  correspond  roughly  in  latency  to  some  of  the  ' 
late  or  association  area  responses  desaibed  by  Dr.  Buser,    ^  < 

The  question  was  raised  for  Dr.  Buser  wliether  shorter*latency  potentials  from 
prinury  receiving  areas  spread  to  association  areas,  where  th^y  are  tecot^pi  with 
longer  latency.  Apparently,  they  are  relatively  indepdfident  and  represe^t'differ- 
ent  systems,  inasmuch  as  Thompson,  Johnson,  and  Hoopes(J.  Nenrophpfsiol.  26: 

'  343-364, 1963)  found  short-latency,  nfiodality-speciflc  responses  over  pVimary 
sensory  areas,  whereas  the  longer-latency  responses  of  more  ^an  one  sense  mode 
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were  recorded  from  association  areas,  which  seemed  to  be  convergence  centers. 
These  responses,  even  in  different  association  or  cbnverfence  centers,  tended  to  , 
be  highly  correlated  in  their  response  amplitudis,  inlconUut  with  tlie  modality- 
specific  responses  recorded  in  the  specific  sensory  conesof  the  qprtex,  which 
showed  differential  responW  characteristics.  In  our  work  with  human  subjects,  * 
recording  average  evoked  potentials  to  visual,  auditory,  and  somatosensory  (me- 
dian nerVe)  stimulation,  we  asked  subjects  to  pay  attentioA  lo  the  stimuM  of  one 

'  mode  and  ignore  the  other  two.  The  primary,  short«latency  components  of  the 
response  to  somatos^sory  stimulation  wep  reduced  in  amplitude  when  that 
sensory  mode  was  selectively  attended  to,  whei^as  the  longer-latency  compo- 
nents of  the  response  were  enhaitced.  Thus,  the  short-latency  or -primary  com- 
ponents of  the  response  appear  to  represent  one  system,  and.the  longer«latency 
components,  another,  in  view  of  their^ifferenjial  reaction  to  the  same  stimuli 
under  the  same  attentive  set  or  condition  (Sporig  and  Lindsley,  unpublished 
data).  ^ 

We  have  found  that  the  degree  of  amplitude  enhancement  of  these  late 
potentials,  during  selecthre  attention,  is  a  fdnction  also  of  the  ^general  arousal 
or  activation  level  that  one  can  create  by  producing  a  more  difficult  task  to 
perform;  therefore,  the  two  Ckings  seem  to  go  hand  in  hand.  There  is  a  selec- 
twt  attention  effect  and  an  arousal  effect.  In  learning  to  read,  some  kind  of 
general  arousal  or  activation  or  learning  level  would  be  helpful;  presumably,  it 
would  be  generated  b:*  tbejnoth^ating  influences  to^read  that  one  could  have. 
The  specific,  selective  atiention  factors  are,  as  Dr.  Hochberg  pointed  out,  partly  . 
anticipation.  I  woLldagUe  «^th  Dr.  Kagin  that  they  may  stem  from  what  has 
just  occurred  in  the  past\because  that  may  serve  as  ;i  guide  or  anticipation  or 
expectancy  of  what  is  to  come  in  the  future. 

I  would  like  to. emphasize  that  associated  with  this  there  is  also  an  electric 
potential  different  from  that  just  discussed.  This  is  what  Walter  et  oL  (Nature 

'203:380-384, 1964)  have  called  a  **contingent  negative  variation'*  (CNV),  or  a  | 
slow,  negative,  d*c  potential  shift.  In  their  experimental  situation,  the  subject  ^ 
was  given  a  warning  sound  and  told  that^flashes  of  light  would  follow  and  that  / 
he  ihoVti^  press  a  key  quiokly  to  stop  them  when  they  occurred.  When  the  j 
sound  comes,  and  before  the  flashes  appear  and  before  the  key  is  pressed,  there  / 
is  a  buildup'^of  a  slow  negative  potential,  a  d-c  shift  that  discharges  when  the  j 
anticipated  flashes  occur.  We  have  been  working  on  a  similar  experiment  with  a 
little  more  relevance  to  this  particular  problem.  We  presented  three  flashes  O.S  j 
sec  apart,  and  the  subject  was  instructed  to  press  a  key  on  the  third*f1ash.  Then 
we  practiced  the  subject  on  another  stimulus  sequence,  with  the  third  flash  de-  / 

,  layed  I  sec  after  the  second  one.  When  the  subject  knew  that  he  was  going  to  get  ^ 
one  or  the  other  pattern,  and  there  was  np  uncertainty  about  it  and  no  probabil- 
ity decision  to  make,  there  were  evoked/^tentials  to  each  flash,  but  no  CNV  or 
d-c  potential  shift  building  up  to  ^e  cmset  ofthe,  third  flash.  Thus,  this  expec-  . 
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tancy  wave  or  potential  shift  seems  to  reflect  anticipation  or  probability  dedsiM 
on  the  part  of  the  subject;  but>  unless  there  is  uncertainty  Associated  with  it«  the 
CNV  does  not  occur.       ,  i 
I  think  that,  in  the  reading  situation,  the  extent  t^ which  we  are  interested  in 
reading  depends  on  the  extent  to  which  we  can  alHiapate,  as  Dr.  Hochberg  said, 
or  on  what  expectancy  we  have  concerning  what  is.  to  come,  either  because  we 
want  to  confirm  something  (if  it  is,  say,  scientific  writing)  or  because  it  is  some- 
thing that  we  can  anticipate  u  new  ind  unique.  This  can  be  contrasted  with 
proofreading,  in  which  one  is  simply  looking  to  see  whether  the  word^  are 
spelled  or  put  together  correctly  and  does  not  necessarily  understand  or  remem* 
,  ber  the  content  of  what  is  read.  In  other  words,  the  purpose  or  gc^  of  the  read- 
ing makes  a  great  deal  of  difference.  When  you  read  for  your  own  information^ 
you  read  for  what  you  expect  to  get  out  of  it,  and  not  in  terms  of  these  other 
characteristics. 

DK .  K  AG  AN :  I  wss  Under  the  unpression  that  you  only  get  this  rising  potential  if 
the  subject  h2is  to  make  a  motor  act,  and  not  under  such  circumstances  as  whtfn . 
you  say,  "When  the  light  comes  on,  you  are  going  to  see  an  extrethely  attractive 
pic^uce."  Is  it  correct  that  you  need  a  motor  signal? 

DR.  LiNDSLEY:  I  do  not  believe  so.  Vaughan,  Kosta,  anjlJSttfeUEIecUoenceph. 
Oin.  Neurophysiol.  2S:  1*10, 196i^)  have  published  an  article  tniU  suggests  that, 
but  I  think  we  have  evidence  that  the  motor  response  is  not  needed.  In  our  ex- 
periment., there  is  no  iftotor  ijesponse.  -  \ 

DR,  KAGAN :  The  question  is,  do  you  have  to  have  an  intention  to  make  a  motor 
response  to  get  the  effect? 

DR.  tiNDSLEY:  I  do  not  think  so,  but  it  is  still  debatable. 
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Visual  and  Auditory  Perception 
and  Language  Learning  * 


It  is  assumecl  that  .there  is  a  relationship  between  language  comprehen- 
sion and  reading.  One  of  the  reasons  it  would  be  so  difficult  to  teach  a 
1-year-old  child  to  read  is  that  there  is  very  little  written  material  in 
1-year-old  language.  Perceptual  modalitiesliave  something  to  do  with  « 
teaming  9  language,  so  that  we  really  want  to  hear  from  the  reading  ex- 
perts i^bout  how  language  affects  reading.  I  will  add  a  little  information 
op  that  point  myself,  and  then  comment  on  one  aspect  of  language 
learning  with  particular  reference  to  visual  and  auditory  perception* 
Finally,  I  would  like  to  suggest  some  relatiqnships  between  perception 
and  response,  especially  for  speech.. 


LA^GUAGt\LEARNING 

Children  from  the  age  of  about  a  year  show  endence  of  both  producing 
and  appreciating  grammatical  structure,  using  pfirases  and  sentences, 
although  the  rules  that  they  appear  to  follow  may  not  happen  to  be  the 
idult  rules.  Until  about  3  or  V/x  years  of  age,  they  seem  to' learn,  not  by 
memorizing  cases,  declensions,  inflections,  and  conjugations,  but  rather 
by  comprehending  what  ^me  linguists  have  called  the  ''deep  structure'' 
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that  is  cormnon  to  a  variety  of  surface  gran^matical  forms.  Voi:abulary 
does  not  appear  to  become  asymptotic  until  about  the  twenties^  at  least 
in  most  people.  y  * 

I  would  like  td*concentnpe  on  a  third  aspect  of  language,  its  phonol- 
ogy, because  that  is  the  spdcen  form  of  the  language  that  is  represented 
in  the  jvritten  form.  Phonetic  development  takes  place  after  the  age  of 
about  6  months.  Before  that,  there  is  some  babbling  or  noiseniaking  that 
seems  to  be  devoid  of  recognizable  phonetic  content.  After  about  6 
months,  we  begin  to  hear  some  phoneme-like  production.  Beginning  at 
about  a  year,  these  speech-like  sounds  are  used  in  phrases  and  sentences. 


PHONOLOGY 


One  of  the  methods  of  teaching  reading  tries  to  establish  a  Qodelike 
relation  between  printed  symbols  and  spoken  ones.  Unfortunately  (in 
some  cases),  the  printed-symbol  unit  is  the  letter,  and  the  spoketa-symbol 
unit  is  the  phoneme.  It  might  bt  dangerous  to^use  phonemes  aa  models 
of  printed  letters,  for  two  reason"^.  First,  phonemes  do  not  exist  as  enti- 
ties except  in  linguistic  analysis.  The  speech  output  of  a  talk  r  is  essen- 
tially conthiuous  sound.  It  is  broken  up  into  chunks,  but  by  listeners 
who  know  the  speaket^s  language.  This  chunking  or  segmenting  is  an  ac- 
tive process  on  the  listeners'  part.  In  reading,  the  chunks  or  Words  are 
already  marked  0ff-1)y  spaces.  Second,  the  analyzed  phonemes,  as  prod* 
cts  of  analysis,  are  themselves  ifot  very  consistent.  I  would  like  to  presen 
some  data  that  Eguchi  and  I  will  publish  soon.' 
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Spectral  Feature:, 

Spectrographic  analysis  displays  frequencies  of  sound  on  the  ordinate  of 
a  graph,  and  can  be  read  essentially  as  one  reads  music;  pitch  or  frequen- 
cies go  up  or  down,  and  time  is  shown  on  the  abscissa.  By  connecting 
the  amplitude  peaks,  we  outlbe  the  **formants''  characteristic  of  that 
voweL  ^ 

We  asked  some  children,  ranging  in  age  from  3  to  13  yean,  and  some 
adults  to  speak  two  sentences:  *'He  has  a  blue  pen''  and    am  tall.**  We 
had  them  repeat  these  sentences  on  Ave  different  occasions,  and  analyze 
all  such  productions  with  the  spectrographic  technique.  We  were  particu- 
larly interested  in  how  precise  the  sut)jects  were  in  saying  the  same  thing 
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five  times.  If  we  characterize  the  vowel  in  **he"  as  reaching  a  first  peak 
or  rormant  in  one  region  of  the  spectrum  and  a  second  formant  in  , 
another  region,  how  repeatable  arc  those  formants?  Tfie  repeatability 
under  stud^  here  is  measured  by  the  intertfial  standard  deviation  (so) 
of  those  foroiants  for  each  person,  as  shown  in  Figure  1.  The  points 
shoMf  an  average  SD  for  each  age  group. 

Tlic  standard  deviations  for  each  subject  are  based  on  five -recitations 
of  the  two  sentences.  The  points  represent  the  vowel  sounds  in  tfie  words 
of  the  sentences.  Variances  for  pie  first  formant  in  each  vowel  are  dif-  . 
fercnt  for  the  different  vowelsi  •  . 

I  thirrk  the  impression  is  clear  for  the  first  formant.  Children. are  very 
variable  when  they  are  3  or  4  years  old,  and  their  speech  variability  de- 
creases as  their  precision  of  speech  increases,  until  they  reach  the  age  of 
about  1 1  or  12.  At  that  time  we- can  speak  of  speech  ^-habits"  having 
been  formed,  but  not  before. 

Figure  2  shows  similar  results  for  the  second  formant.  There  is  no  re- 
markable exception  tojhe  rule  that  variabilities  decrease  over  time. 

What  worries  me  about  teaching  youngsters  that  a  certain  letter  rep- 
resents a  certain  sound  is  that  they  do  not  produce  ;i  particular  sound 
each  time  they  intend  a  phoneme.  One  of  the  reasons  this  study  got 
started  was  the  difficulty  we  had  when  we  move(i  to  another  country 
and  spoke  a  second  language.  I  have  great  difficulty  in  understanding 
French  youngsters,  although  I  understand  French  adults  welL  My  Japa- 
nese colleague  finds  it  impossible  to  understand  American  children,  but 
'  he  has  little  trouble  with  American  adults.  Th*;  reason  is  that  these  pro- 
ductions are  extremely  variable  in  children.  We  must  conclude  that  the 
phoneme  ls»  at  best,  a  very  labile  model  to  use  for  the  printed  letter. 

> 

Temporal  Features 

The  vowel  spectrum  for  the  words  ''blue"  and  ''tall"  is  ch^acteristic  of 
a  vowel  in  2  steady  state  for  some  period.  But  there  are  also,  in  speech, 
'  somfe  features  of  phonemes  that  depend  on  Ufmporal  gaps.  We  can  lump 
these  together  under  the  term  "temporal  features."         ' '  \ 

The  spoken  names  of  letters  (as  in  the  alphabet)  do  not  always  cor- 
respond to  the  sounds  of  the  spoken  letters  themselves,  and  this  disparity 
is  particularly  great  in  cases  iiij^hich  one  qannot  even  say  what  a  letter 
stands  for,  except  as  a  transition  between  two  other  sounds. 

We  looked  at  one  such  temporal  feature:  the  interval  between  the  "b" 
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explosion  in  th«  word  '*btue''  and  the  onset  of  phonation  corresponding 
to  the.  tetter  "V-  which  is  about  40-SO  msec.  Such  intervals  constitute 
an  integral  part  of  speech:  because  their  length  helps^the  Kstener  identify 
sounds.  Here  again  w^  measured  variability.  \{  the  cbUd  says  **blue*'  five 
times  in  a  sentence  context,  is  the  interval  atjivays  44>-SO  msec,  or  does 
it  vary? 

Figure  3  shows  that  varisbiUt)'  changes  with  age.  The  mean  interval 
between  the  ^^b"  and  the 'T  or  the  "p"  and  the  "e"  in  •'pen"  does  not 
change  over  time,  but  the  average  intrasubject  variability  around  that 
m^an  decreases  sharply  with  age.  It  is  interesting  that  it  approaches  its 
asymptotic  minimum  (corresponding  to  the  adult  value)  at  a  much  ea^ 
her  age  than  do  the  spectral  features  of  the  vowels.  Precision  in  the  tenh 
poral  feature,  at  least  m  English,  is  extremely  conspicuous.  Whether  this 
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is  because  temporal  features  are  more  important  in  language  leammg 
thkn  the  spectral  features  of  vowel  identification  is  difncult  to  say. 
•  There  are  some  comphcations  related  to  phonemic  load  over  time  that 
we  cannot  go  into  now. 


RELATIOSSIUP  OF  LASGUAGE  COMPETENCE  AND  READING 
Handicap  of  Deafness 

Deaf  children  who  have  not  teamed  to  speak  learn  to  read  with  great 
difficulty.  It  is  interesting  that  they  are  taught  to  read  by  teachers  who 
use  paper  and  pencil  to  institute  communication.  Until  then«  there  has 
been  no  communication  between  that  child  and  others  except  by  signs. 
If  we  could  nnd  the  printed  correlate  of  the  conventional  signs  of  the 
^dcaf.  perhaps  we  could  Wch  them.  Instead,  alpfiabetic  teaching  is  used, 
but  through  the  medium  of  interpersonal  written  communication.  In  the 
case  of  deaf  children  who  learn  to  speak  through  use  of  what  residual 
hearing  they  have,  the  teaching  of  resting  is  M:}mewhat  simpler,  an<jl  it 
can  begin  at  a  much'^earlier  age  (abour4^4  years)  to  make  up  for  what 
will  be  lost  time.  Even  so.  throughout  thenars  of  the  elementary  school, 
deaf  children,  even  those  who  speak,  generally  maintain  a  retardation  in 
reading  of  about  two  grade  levels. 

Let  me  give  the  essentials  of  a  study  done  by  Hartung^  in  connection 
with  his  recent  Ph.D.  dissertation  at  Washington  University.  Experiments 
have  demonstrated  that  children  can  produce  nonsense  syllables  (tri> 
grams)  when  they  are  pronounceable  more  easily  than  when  they  are  not 
pronounceable.  For  example,  the  syllable  *'mox*'  will  be  recognized  cor- 
rectly more  often  than  the  group  of  three  letters.  **mxo,**  which  does 
not  conform  to  normal  spelling  traditions  in  English  and  is  tery  difficult 
to  pronounce.  Dr.  Hartung  wanted  to  study  not  only  the  variable  of 
familiarity  v^ith  the  code  to  tie  together  the  graphemes  and  phonemes, 
but  also  tfte  variable  of  letter  familianty.  therefore,  he  used  tngrams 
that  were  m^ide  up  of  Greek  letters. 

^  Hartung  asked  his  subjects  to  do  two  tasks.  In  the  Orst.  after  a  series 
of  flashes  lasting  a  couple  of  seconds,  he  asked  children  to  tell  whether  a 
particular  letter  was  pre^nt.  No  reproduction  was  needed  For  three  ex- 
posures, normal  children  about  8  years  old  correctly  identified  the  pres- 
ence or  absence  of  a  single  Greek  character  in  about  78^^  of  the  tnals. 
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anu  de^^f^cnadnsn  of  about  ihc  samta  ;igc^.  in  7S'l/.We  conclude  there  is 
no  significant  diffenrnce  in  identifying  Greek  letters*  In  identifying  the 
letter  "a hearing  children  after  brief  expwuits  were  correct  in  89%  of 
trials  and  deaf  children,  in  7 1  ^ .  a  signi Picant  difference. 

When  trigramiieproducUon  wns  required- writing  down  all  three 
letters  the  deaf  childien'were  at  aat  ef'en^gneater  disadvantage.  For  ex-  *  i 
ample,  aftct  brief  exposures  of  pronounceable  trigrams,  the  deaf  childitii  j 
were  3 1  fr  correct  in  their  reproductions  and  the  hearing  childien;  71%. 
For4he  nonprpnounceablc  tfignuns,  deaf  children  were  only  15%  co^. 
lect  any  hearing  children  •  4$% . 

We  expected  ♦he  deaf  children  to  do  more  poorly  than  the  ijetrtn^ 
^  ,  children  on  trigrams  in  general.  What  was  interesting  was  that  they  di^ 

even  woRe  on  the  nonpronounceables  than  on  the  pronounceables.  In  ^ 
short,  in  the  process  of  learning  what  speech  they  had  managed  to  learn 
up  to  the  age  of  8  or  9  ycare.  tliey  had  acquired  enough  of  the  rules  of 
correspondence  between  phoncfncs  and  sTiiphemes  for  that  jlifference  to 
show  up  in  their  r^spons;?*;. 

Til     was  considerable  spread  in  the!>e  data.  In  normally  hearing  chiK 
dren,  there  was  po  correlation  between  these  flash-recognition  scores  and 
readmg:  as  measured  on  k  MacGinty-Gates  Form  C.  but  in  the  deaf  chil- 
dren, there  was  a  significant  correlation  of  0,5.  . 
,  ^  I  am  not  going  so  far  as  to  say  that  we  read  with  our  ears,  although  1 

^  recb^ze  that  different  specialists  view  things  from  their  own  points  of 

view.  George  Speriing  has  said  that  short*tenn  .nemory  very  often  in- 
volves a  conversion  to  auditory  storage,  I  suggest  that  such  storage  is 
especially  important  when  part  of  the  information  being  stored  is  of  a 
language  that  is.  is  verbal  There  is  something  special  about  v^'bal  re-  "  ^ 
sponses  that^  do  not  quite  understand. 

^  Snmuhis-Hi^stHme  CompaitbilUy 

Wc  were  interested  in  information  processing  and  so-called  compatibility 
between  response  and  stimulus.  We  have  tried  to  investigate  responses  to 
verbal  and  nonverbal  stimuli  in  two  modalities,  hearing  and  vision.  We 
^  resCnctcd  ourselves  to  a  vocabulary  in  which  the  orfjecti  were  named  by 

relatively  simple  words,  like  "bell,"  '*cat;*  "dog,*'  and  **baby''  and  were 
souuii  producers  themselves.  We  could  flash  pictures  of  objects  and  of 
the  prntcd  words  for  them  and  play  the  spoken  words  and  the  sounds  of* 
tl     .jccts  ithe  bark  of  a  do§.  the  meow  of  a  cat,  the  cry  of  a  bab^ ,  the 
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sound  of  a  beli,  and  so  on)  on  tapes.  ThU.gave  foui  diTCeitnt  vocabu- 
tiries,  two  visual  and  two  auditory ;  considered  the  other'way^  two  weit 
verbal  and  two  were  nonverbal. 

Reactton-time  was  measured  for  three  different  responses.  The  first 
was  the  preying  of  a  key  on  which  a  picture  of  the  object  appeared,  and 
the  second  was  a  similar  response,  but  with  a  printed  word  on  the  key^. 
'  The  third  response  was  meiely  a  spoken  jdentification  or  verba!  response. 
One  hypothesis  from  the  notion  of  stimulus-response  compatibility  was 
that  the  reaction  time  would  not  increase  witli  number  of  alternatives 
for  thosp  combinations  of  auditory-verbal  stimuli  and  spoken  responses, 
visual^ptcture  stimuli  and  vj^al*picture  keys,  or  visual-verbal  stimuli  and 
visual-word  keys.* Other  combmations  would  show  Jess  compatibility 
between. the  form  of  stimulus  and  the  form  of  response."" 

The  subjects  were  3K)  women,  19-24  years  old.  Our  first  experiment 
was  a  two-alternative  choice.  There  wen?  two  keys,  one  witKjhe  word 
^*dog'*  and  the  oilier  with  the  word  **beU";  the  subject  was  toS^sh  the 
appropriate  one  when  she  saw  or  heard  a  stimulus.  As  we  increa^  the 
number  of  chpices  to  eight. Jfirere  were  four  keys-in  each  of  two  little 
semicircles,  so  that  the  eighlfingers  could  rest  on  tliem.  We  even  con- 
trolled for  finger  preference  by  using  difTcrent  arrangements  of  the  keys 
for  different  subjects.  The  reaction  time  did  mcreasq  witii  thd  number  of 
alternatives,  as  pn^dictcU.  when  the  response  was  pressing  a  key. 

What  w^  peculiar  in  this  series  of  experiments  was  that,  when  we 
>  asked  the  subject  simply  to  tell  us  what  the  visual  word  was.  the  verbal- 
joasponse  reaction  time  did  not  increase  with  the  nu^nber  of  alternatives 
(whtch  were  told  to  the  subject  before  the  trial).  Apparently,  one  does 
not  have  to  translate  modiilsties.  This  a'sult  appears  to  be  independent 
of  the  siimuii  an<t  appears  also  to  have  to  do  more  with  a  verbal  response 
as  such  than  with  the  relationship  between  the  response  and  the  stimulus. 

The  results  were  similar  with  an  auditory  stimulus.  A  word  was  spoken 
on  a  little  Language  Master  card,  and  the  subject  was  supposed  to  push 
the  k(iy  that  had  the  appropriate  wor^s^  picture  printed  on  it.  "^e  reac- 
tion times  followed  the  general  rule  ex^xpi  for  verbal  responses,  which 
did  not  increase  with  the  number  of  alternatives.  The  general  case  appears 
to  be  that  the  reaction  time  increases  with  the  number  of  stimulus  alte^ 
natives  ,(i»e.,  the  slope  of  the  line^atin|<these  two  quantities  is  high). 
whereasJn  the  verbal  case,  the  reaction  time  stays  relatively  constant 
over  different  numbers  of  alternatives  (i.e..<the  slope  of  the  function  is 
lowor  near  zero). 
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The  fourth  stoulus  wis  the  auditory  object,  the  sounds.  They  are 
probably  ,not  as  easy  to  identify ;  it  takes  longer  tacomprehend  what 
diey  are.  Here,  again,  the  dope  of  this  function  relates  the  verbal*req[Kniif  ^ 
time  to  the  number  of  alternatives  and  was  much  lower  for  verbal* 
lesppnse  than  for  press-re^nse  time.  . 

I  am  sure  that,  if  these  subjects  practiced  over  and  over  again  for 
many  months  with  these  press  responses^  we  could  bring  the  regrestidn 
slopes  down.  Several  workers  have  already  shown  that,  if  one  practi(xs 
a  connection  between  a  response  and  a  stimulus  mode  {hjj^wgJ6m6t 
one  experiences  no  increase  in  reaction  time  with  number  of  alternatives*  , 

The  point  of  these  data  is  tc^show  that  long-practiced  c^orrespondence 
is  already  present  by  virtue  of  ^being  part  of  the  language/'  The  stimului 
mode-whether  it  is  auditory  or  visual,  verbal  of  nonverbal-does  not 
pake  much  difference.  The  press-response  time  increases  with  the  num^ 
ber  of  alternatives,  but  the  verbal-  or  vocal-response  time  does  not. 

LANGUAGE  COMPETENCE  AND  SOUND 

.  There  are  obviously  contrasts  between  the  reading  of  printed  language 
and  the  uiiderstanding  of  speech.  I  should  point  out  first  that,  although 
every  known  society  communicates  by  talking,  many  societies  are  com* 
pletely  illiterate.  .  ^ 

A  second  point  is  extremely  important:  sound  can  arrive  at  the  ears 
from  any  direction.  Images  fall  on  the  eye  only  from  sources  that  one  is 
looking  at.  Thus,  those,  dealing  with  vision  must  be  concerned  nbout  eye 
movements;  fixation,  and  so  on,  to  get  tVt  target  to  the  m<cula.  But  the 
attention  of  which  Dr.  Hochberg  has  spoken  takes  ^lace  as  sensory  im 
formation  goes  into  the  auditory  system,  bec^iuse  we  can  hear  from  all 
around  ms;  we  do  nor  need  to  be  oriented  toward  thesource.  If  we  ex* 

'  tnipolafe  to^exposure  to  spoken  lahguage,  as  opposed  to  written  language, 
there  are  hours  of  spoken  language  impinging  on  our  ean  all  day  long* 
This  occurs  particulariy  in  the  case  of  a  growing,child,  whereas  written 
or  printed  language  becomes  part  of  his  stimulus  inpiut  for  Relatively 
short  periods.  ! 

A  third  point,  mentioned  eariier,  is  th^t  the  sound  of  speech  is  con* 
tinuous*  and  the  listener  breaks  it  up  into  appropriate  chunks,  because 
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he  hMppem  to  be  t  member  of  die  unCc  languafe  community  as  the; 
Veiker.  In  the  caie  of  reading,  umt  of  that  chunkingii  done  by  punc* 
ttMitioni^ tile qMcet  between  words.  ]       -  * 

I  db  not  know  jibout  tiie  vjimi  counterpart  of  tip,  but  languaie  modi* 
fietfome^kinds  of  ncmlanguaie  aiufitory  perception.  The  Had^tnt  Libmr 
imy  WQtk^  has  dem<H&t  :ated  that  some  kinds  of  discrii|unation  of  noih 
verbal  stimuli  are  sharpened  in  the  parts  of  the  stimulus  dimem^s  that 
correspond  to.the  boundaries  between  different  phoneme  catefories.  As 
far  as  lam  aware,  no  one  has  sugf^ted  &at  some  aspects  of  visual  pe^ 
^tion  iie  modified  by  the  very  process  of  reading.  As  a  trivial  example^ 
do  letter4ike  forms  become  more  discriminable  than  n(m4ette^like  forms 
alters  person  has  been  using  letters  for  a  white?  My  suiq^idon  is  that 
tiiey  do  not.  Another  aspect  ofjnodification  is  segmentation.  The  way 
in  ^ch  one  listens  to  speech  sounds  is  quite  different  from  the  way  in 
which  one  listens  to  other  sounds.  The  language  rules  that  one  has  inter- 
nalized in  a  sense  controi  auditory  "glances.*' ^     '    ^  "^^^  ^ 
^«  There  are  probably  other  kinds  of  auditory  subsets  that  follow  the 
same  rule  and  illustrate  the  same  principle.  For  example,  Mor»^code 
telegraphers  group  nonverbal  auditory  stimuli  Is  we  do  when  we  listen 
to  speech  sodinds  and  as  careful  listeners  do  when  they  listen  to  various 
kinds  of  musical  passages.  - 

^  Another  kind  of  contrs^t  has  to  do  with  critical  age.  It  seems  clear 
that,  if  a  deaf  child  is  identified  before  the  age  of  }  year,  he  can  be  pre- 
pared by  suitable  auditory  stimulation  to  use.his  residual.hearing  better 
for  the  learning  of  speech  at  the  age  of  2  or  3  than  if  he  does  not  start, 
being  stimulated  until  the  mt  of  .2  or  y.  Although  that  is  not  quite  a 
critical  age  for  learning  sp^en  language,  it  is  something  like  'Mf  you 
don*t  qatch  it  this  eariyythen  it  m*t  going  to  be  as  good  for  general 
auditory  reception  later.**  We  do  not  know  the  critical  age  for  learning 
speech,  but  teachers^f  normal  !^ech  development  have  suggested  that, 
bec^Ht^scnne  stam  of  syntactic  development  are  characteristic  of  the 
normal  cUld  at  the  age  of  I  or  2  years,  this  is  the  age  at  which  speech 
iearning-imisti^^ 

We  have  btt^^bttl  about  similar  observations  on  the  visual  syftem  in 
handicapped^ :h(ldren  of  one  sort  or  another.  For  the  visual  system  in 
general,  I  would  be  extremely  interested  to  know  whether  a  deprivation 
of  the  printed  word  has  any  serious  .consequences  for  learning  to  read. 
Or  can  v^e  just  as  well  start  at  the  age  of  10  without  suffering  difficulty? 
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SENSORY  DEPRIVATldN  \^ 

I  .have  not  much  mentioned  deaf  children,  ^ho  afford,  perhaps,  a  natunl 
experiment  on  the  question  of  the  effects  of  sensory  deprivation.  I  sup* 
pose  that  we  can  think  of  the  congenitaily  deaf  child  as  beijig  like  the 
congenital  cataract  patient-not  in  terms  of  the  underiying'pathology, 
but  in  the  sense  that  we  fan,  at  some  time  after  birth,  alleviate  the  s 
deficiency.  In  the  case  of  a^lind  child,  we  remove  the  cataract;  in  the 
case  of  a  deaf  child,  we  an^plify  everything  by  about  60  or  70  db,  and 
the  effect  is  roughly  comjfiarable.  He  will  not  hear  everything,  to  be  sure, 
but  all  deaf  children  of  my  acquaintance  have  some  seiuitivity  to  fre- 
quencies  up  to  about  SOD  Hz.  1  will  not  discuss  whether  the  sensitivity 
is  auditory  or  tactile;  both  can  be  used  as  information  receivers,  and  both 
seem  to  benefit  from  eariy  stimulation.  •  . 

The  deaf  child  who  is  left  unattended  until  the  age  of  6  or  7  yean  can 
be  taught  to  speak  only  with  great  care  and  difficulty.  When  sound  was 
amplifiedsufficiently  so  that, deaf  jchiidren  would  respond,  R.  Gengel 
(in  a  docjpral  study  now  being  completed)  found  poor  discrimination  as 
a  result  of  auditory  sensory  deijrivatian.  An  example  is  the  child  who 
can  hear  tones  at  1 10  db  but  cannot  distinguish  frequency  in  the  low- 
frequency  range,  A  trained  person  with  normal  hearing  can  distinguish  a 
frequency  of  500  Hz  from  one  of  505  Hz.  These  deaf  youngsters  on  the  , 
average  heeded  differences  of  around  80-100  Hz;  that  is,  they  could  not 
discriminate  unless  the  frequencies  were  first  500  Hz  and  then  jumped<up 
to  about  600  Hz.  After  about  3  jmonths  of  training,  the  poor  discrin^ina- 
tion  almost  disappeared.  He  never  got  them  down  to  a  5-Hz  difference, ' 
but  they  did  get  down  to  10  or  12  Hz,  which  is  the  difference  that  ad| 
untrained  observer  could  probably  distinguish. 

We  do  not  have  more  information  like  this  for  the  ear  because  we.  do 
not  have  th^elegant  Kattery^of  clinical  tests  that  we  have  for  visual  fiino- 
tion/We  measure  this  sensitivity  by  making  an  audiogram,  and  often  that 
is  the  sole  basis  of  information  on  what  a  child  can  hear.  There  arc 
dozens  of  tests  for  visual  function,  but  we  do  not  have  their  analogs  for  '\ 
^ditory  function.  Ordinarily,  we  use  lists  of  words  apd  ask  the  subjects 
to  discriminate  them.  If  a  child  is  2  or  3  years  old  and  has  not  spoken 
yet,  the  testing  routine  is  difficult. 

I  have  one  suggestipn  for  those  who  i^iust  face  this  problem  of  the  . 
long-deprived  child,  such  as  an  underprivileged  child  from  the  ghetto  * 
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^  who  is  very  retarded  in  reading:  to  get  him  to  read  better,  get  him  to 
talk  better. 
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hiscussioi^ 

»  r 

MR.  ADAMS;*  When  a  person  is  listening  to  a  spoken  message,  the  temporal  order 
of  the  arrival  of  the  message  is  in  the  control  of  the  speaker,  not  the  listener. 
When  a  person  is  reading  a  written  message,  the  temporal  order  of'the  arrival  of 
the  message  is  in  the  control  of  the  reader,  not  the  writer.  Those  facts  are  due  to         .  v 
the  different  properties  of  the  space  (or  medium)  through  which  messages  arc 
transmTtted.  When  a  message  is  transmitted  through  acoustic  space,  it  occurs  in  V 
Realtime  ah^cfxists  only  in  the  temporal  dimension.  The  decoding  of  acoustic  ' 
message3  obe/Hpecial  rules  associated  with  acoustic  space.  When  a  message  is 
transmitted  in  two-dimensional  visual  space,  the  message  is  "stored"  in  a  medium 
that  has  no  temporal  dimension.  Written  language  is  acoustic  language  encoded 
^.  in  visual-form  space;  a  written  message  has  no  temporal  dimension  but  only  the 
^  two  dimensions  of  length  and  breadth,  h  is  the  responsibility  of  a  reader  to  I 
supply  the  temporal  dimension  according  to  the  rules  6f  the  written  language 
that  govern  the  direction  of  the  visual  scanning  process.  If  a  . reader  scans  the 
letters  "d  o  g''  from  left  to  right,  he  will  decode  the  message  to  read  "dog."  But 
if  he  scans  them  from  rightio  left,  he  will  decode  the  message  to  read  "god." 
I  suggest  that  this  directional  scanning  may  account  for  the  reversals  that  we 
sometimes  see  with  a  retarded  deader. 

So  we  have  come  full  circle:  visual  chunking  is  not  done  for  us  by  the  page; 
%  reader  must  supply  the  chunking  in  the  same  way  that  he  supplies  the  temporal 
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chunking  when  he  listens.  jDne  of  the  big  dilTerences  between  decoding  lingiuiie 
stored  in  visual  spcce  ind  decoding  language  stored  in  acoustic  space  is  that  a  re- 
ceiver decoding  language  stored  in  visual  space  must  know  the  rules  for  supplying 
the  temporal  dimension.  But  the  responsibility  is  relieved  for  him  when  he  is 
decoding  the  message  in  acoustic  ^ace,  and  many  of  our  problems  in  the  strategy 
of  teaching  reading  are  due  to  ove^ooking  this  crucial  fact. 

I  think  this  problem  was  identified  by  one  of  the  experiments  in  Project 
Literacy  conducted  at  Cornell.  It  was  discovered  that  the  chUd  must  learn  the 
rules  governing  the  visual  cues  associated  with  recognizing  the  visual  boundaries 
of  words.  Knowing  these  rules  is  crucial  for  successfdlly  learning  how  to  decode 
written  language.  I  do  not  recall  all  the  details  associated  with  that  particular  ex- 
periment, but  it  will  suffice  to  say  here  that  members  of  the  Project  Literacy  staff 
reviewed  the  teacher's  ma[huals  that  accompany  commercially  prepared  children's 
^      readers,  such  as  the  basal  reading  series  prepared  by  children's  textbook  pub- 

lishen.  The^  were  looking  for  specific  instructions  to  the  teacher  on  how  to  pre-  ^ 
pare  specific  lessons  that  overtly  instructed  a  child  on  matters  pertaining  to  the- 
visual  boundaries  of  words.  After  the  review,  the  Project  Literacy  sUff  surmised 
that  teachers  are  ne^ecting  this  important  aspect  of  learning  to  read.  Indeed,  at 
no  time  did  the  teacher's  manuals  mention  that  not  only  alphabet  recognition 
must  be  taught,  but  also  word  recognition  and  paying  attention  to  both  the  white 
spaces  between  letters  and  the  white  spaces  between  words,  sentences,  and  para- 
graph/; because  they  contain  important  visual  cues  to  the  decoding  process.  A  - 
child  must  letsn  thes^ rules  in  order  to  make  correct  decoding  decisions,  because 
there  are  a  finite  number  of  letters  that  can  be  grouped  in  infinite  ways  to  make 
up  infinite  words,  which  can  be  combined  in  infinite  ways  to  make  up  infinite 
•  mesinges. 

I  just  wanted  to  take  issue  with  you  in  a  friendly  way  and  ask  how  you  think 
^he  chunking  is  being  done  by  ghetto  children  when  they  deco^  messages  in  the 
visual  mode,  as  opposed  to  the  acoustic  mode. 
DR.  HIRSH :  My  main  emphasis  should  have  been  restricted  to  the  identification  of 
words.  I  am  less  concerned  here  with  temporal  order  than  with  segmentation. 
Even  though  children  may  not  yet  know  the  significance  of  the  rules  that  tell 
them  what  to  do  with  the  larger  white  spaces  between  the  words,  those  white 
spaces  do  appear  in  the  visual  stimulus  pattern.  No  such  spaces  appear  jn  the 
auditory  message,  If  ( showed  you  an  pscilloscppic  tracing  of  the  waveform  of 
the  sounds  that  mike  up  a  $entence,'you  would  see  that  there  ar^  few  if  any 
silences  and  that  the  acoustic  message  is  essentially  a  continuous  sound  whose 
jnternal  structures  change  with  time.  One  must  have  learned  to  speak  and  to 
listen  in  a  particular  language  in  order  to  organize  pieces  of  that  continuous 
sound  in  such  a  way  that  they  will  correspond  with  the  morphemic  elements  of 
'  the  language.  Such  separation  or  segmentation  must  be  put  in  by  a  listener  as  he 
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listens.  Similtr  segmentition  may  also  be  a  part  of  the  reading  process,  but  at 
l€^tt  the  segments  are  more  clearly  marked  with  spaces  on  the  printed  page. 

DR.  tOYNTON:  I  think  Df.  Uberman  of  theliaskins  Laboratory  at  the  University^ 
of  Connecticut  red(||t^Mi(^  ihat  the  basic  processing  mechanisms  required 
fdr  the  appreciatioi]^(2^^  vary  from  one  language  to  another,  ^  ^ 

but  perhaps  not  ^^^^1^^  ^  V^^^  of  the  sensory  regulating 

apparatus.  I  do  li^frnM^iC^Yoxit  wQHj[d  suggest  that  such  equipment  coutd 
conceivably  be  built  In  for  the  processing  of  the  vistia)  counterpart  of  letters  and 
words.  This  woul^onstitute  a  fundamental  difference  between  reception  in  the 
two  modalities.  .  ' 

OR.  HiRSH-  If  what  he  has  said  is  as  general  as  saying  that  humans  contaip  a  pre* 
disposition  for  spoken  language,  then  |  agree.  If  he  is  implying  that  there  are 
various  built-in  categories  for  auditory  perception  and  phonemes,  then  I  am  n^t 
sure  that  I  would  go  that  far.  these  become  built  in  very  soon,  I  suggest,  bu( 
they  are  certainly  different  from  one  language  to  another;  and  certainly  no 
neurophysiologist.  to  my  knowledge,  has  discovered  a  feature  extractor  that 
corresponds  with  phonemic  features.  They  have  found  a  feature  extractor  that 
corresponds  with  some  interesting^acoustic  features,  such  as  whether  the  tones 
glide  upward  or  downward,  something  like  edge  detectors  or  angle  detectors  if 
you  like«  but  none  that  is  speciflcally  phonerw*  « 
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Effects  of  Visual  Environment 
on  the  Retina 


The  stiidy  of  transneuronal  effects  on  neural  microanatomy  has  a 
rather  long  history,  which  I  will  not  attempt  to  repeat  here.  (It  has 
bcerr^rought  up  to  about  2  years  ago  elsewhere.'  )iThe  forward  march 
in  this  area  has  been  increasing  in  momentum.  The  phenomenon  of 
transneuronal  degeneration  is  no  longer  just  a  curiosity,  as  it  was  re- 
garded by  many  in  the  194J|'s,  particularly  after  LeGros  Clarjj;  called 
attention  to  it  in  his  study  of  the  lateral  geniculate  nucleus  of  primates. 
Transneuronal  effects  are  turning  out  to  be  Very  extensive,  and  much 
more  needs  to  be  learned  about  their  time  course.^hey  arc  clearly  both 
upstreain  and  downstream  effects  within  the  nervous  system.  The  ef- 
fects are  not  limited  to  early  development,  ahhough  they  are  consider- 
ably faster  during  infancy.  Later,  some  are  rather  slow. 


EFFECTS  OF  LIGHT  DkPRlVA  TION  ON  PROTEINS  \^ 
One  of  the  more  dramatic  landmarks  dealing  specifically  with  changes 
in  the  retina  was  a  study  by  Brattgaard.^  He  reared  rabbits  in  daricness 
to  the  age  of  10  weeks,  and  showed  that  the  retinal  gangl^n  cells  were 
markedly  retarded  in  development.  He  found  that  3  weeks  of  light 
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.  stimulation^ftcr  1 0  weeks  in  the  dark  brought  about  a  recovery  of 
some  cells  but  virtually  no  recovery  of  others.  There  was  a  great  in- 
crease in  variabih'ty  of  rna  content  smd  also  in, the  relatWely  stable 
protein  content  of  the  cell  Wdy,  both  nucleolar  and  cytoplasmic.  At 
about  the  same  time^we  were  rearing  chimpanzees  in  the  dark;  we 
fdund  that,  if  we  kept  them  in  the  dark  too  long,  the  ganglion  cells  not 
only  lost  out  in  the  race  for  protein,  but  died  and  disappeared.  The  first 
signs  of  this  effect  couW  be  seen  by  the  age  of.3  months  as  a  disk  paTlor 
of  the  retina.  The  leads  from  Brattgaard's  study  induced  us  to  look  at 
RNA  in  dark-reared  rats  and  kittens  and  in  the  remaining  cells  of  the 
chimpanzees*  retinal  ganglia. 

We  found  that  impaired  prqtein  metabolism  is  common  to  the  retinal 
.  cells  of  dark-reared  rabbits,  rats,  cats,  and  chimpanzees.  Rates  of  change 
from  normal  rna  levels  appear  to  vary  with  species,  when  average  val- 
ues  are  examined,  and  with  individual  cells  (as  determined  by  measures 
of  variability  within  a  particular  class  of  retinal  cellj.  Special  staining 
techniques  make  these  cytochemical  determinations  possible.  Using 
hematoxylin  and  eosin  staining  permitted  us  to  determine  only  that 
large  numbers  ot  ganglion  cells  in  chimpanzees  and  monkeys  eventually 
disappeared^  and  that  in  cats  the  mean  thickness  of  the  inner  plexiform 
layer  of  the  xetinu  was  significantly  reduced.'^ 

At  90  days  of  age,  normally  reared  rats  showed.morc  than  seven 
times  the  concentration  of  rna  found  in  dark-reared  littccmates.  The 
values  for  retinal  ganglion  cells  were  intermediate  when  the  animals 
were  reared  in  the  dark  for  90  days  and  then  in  normal  diurnal  lighting 
conUiiions  for  bO  days.  We  have  not  determined  visual  acuity  in  these 
animals,  but  they  can  discriminate  oh  visual  cliff  and  visual  placing 
tasks.  • 
In  cats  from  y/z  months  to  over  3  years  old,  the  differences  between 
.  light-  and  dark-reared  animals  in  cells  of  receptor,  bipolar,  and  ganglion 
layers  are  similar  in  amount,  but  in  no  instance  are  they  proportionately 
as  greuft  as  those  cited  for  the  rat.  By  making  photometric  estimates  of 
azure^B  binding,  we  found  that  the  cells  from  dark-reared  cats  had  cyto- 
plasmic RNA  concentrations  between  40%.and  55%  of  those  in  normal- 
cats,  and  animajs  ^tcn  1  hr  of  light*  daily  had  intermediate  Ifevels,  about  ^ 
60-75%.  These  data,  do  not  reflect  additional  observations  that  the 
mean  cytoplasmic  cross-sectional  areas,  were  also  significantly  reduced 
in  cells  of  the  dark-reared  animals,  that  finding  augments  the  differ- 
ences in  total  cytoplasittic^RNA. 
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Dark-rean^d  chimpan/ecs  and  monkeys  and  one  chimpanzee  that  was 
given  nornial  light  sUihuIatton  from. birth  to  the  age  of  8  months* and 
thcn_o?aKd jaAotal  darkness  until  the  age  of  2  years  revealed  markedly 
reduced  cytoplasmic  RN A  concentrations  in  surviving  retinal  ganglion 
cdls.  Depending  on  the  age  reached  before  the  primate  was  placed  in 
the  darkroom,  the  rcduction  in  number  ot  ganglion  ceils  varied  from 
lero  to  over  ^(y7>.  When  cell  loss  occurred,  visual  functions  Became  im- 
,paire<l,^'*  but  reduced  rna  concentrations  were  not  necessarily  cor- 
related with  losses  5n  visual  capacities.  The  late  onset  of  deprivation, 
after  up  to  9  montlis  of  normal  stirnulation.  produced  more  visual  ini; 
pairment  in  higher  primates  tharh^n  the  other  mammals  that  we  have 
studied. 

Figure  I  permits  companson  of  the  parafoveal  retina  of  a  control  v 
chimpanzee  with  that  of  a  chnnpanzee  that  was  reared  normally  to  tiie 
age  of  8  months,  then  lived  in  total  darkness  until  the  age  of  24  months, 
and  then  lived  in  normally  lighted  environments  until  enucleation  at  the 
iige  of  8  years.  The  darker  appearance  of  the  retina  on  the  right  is  due 
to  its  having  been  cut  in  a  thicker  section  (15  m)  than  the  other    nl  I 
More  than       ot  the  ganglion  cells  had  disappeared  in  this  animal  and 
■also  in  a  second  chimpan/ee  reared  with  5  mm  of  dail>  expoMire  to 
light  from  birth  to  the  age  of  33  months.  Thes'c  effects  were  louTVd  U^ 
b€  irreversible,  whereaN  shorter  interval^  of  total  darkness  in  other  pn 
male  subjects  resulted  in  temporary  pallor  of  the  optic  disk 
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Loss  of  RNA  and  cell-volume  reduction  do  not  culminate  in  death  of 
cells  in  the  cat  retiha.  The  usual  population  of  ganglion  cells  is  markedljr 
lower  in  cat,  rat,  or  rabbit  than  in  primates,  This  may  permit  the  spon- 
taneous firing  of  receptor  cells,  which  occurs  even  in  total  darknesN.  to 
activate  ganglion  cells  frequently  enough  to  ensure  their  continuing 
viability.  Converging  pathways  through  bipolar  fiK'rs  would  lead  to 
relatively  gr<?ater  use  of  the  individual  optic  nerve  lilxrrs  in  cats,  tor  e\- 
ample,  than  in  monkeys,  apes,  or  man. 

.  Figure  2  shows  etectroKninogr^ms  H  RG  )  of  a  retina  that  had  light 
deprivation  Thasrqircsents  a  monkey  that  was  normally  reared  and 
then  put  in. the  dark  for  a  relatively  short  period,  about  1  month  The 
b-wave.  the  upper  dellection  (as  opposed  to  the  a-wave.  represented  by 
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i<on  from  \\k  m  ?^  monihv  to  24  monf fgUo^td  b>  noitnal  ii|{hi  lo  the  ^  ot »  yc*f%  i*. 
Mil!^  trt  mailed  K»vs  ol  jg4n|aHin  *clh  (tmlfom  b>cu  i\ lull  dkUilv  of  ic4itn|E  jnil  vnu*!  IcHi 

the  ftrst  dmvnuard  dcflcUion).  is.  on  Ihc-sccond  flash,  markedly  re- 
duccd  The  same  phenomenon  owcur\  in  a  Kitten  or  an  adult  cat  after 
as  tittle  as  I  u^eek  in  darknesN,*  allhuugh  its  evtcnt  may  be  somewhat^ 
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less.  The  lower  traces  art  of  later  responses*  to  flashe^i^  given  at  2-sec 
intervals  and  show  that  these  effects  persist,  Even  when  the  flashes  are 
spaced  rather  widely  as  lung  as  10  sec  apart  the  recovery  of  the  b- 
wave  IS  still  incomplete  * 

Figure  3  compares  sonic  h-wave  mean  amplitudes  m  monkevs.  The 
u|»per  curve  shows  the  redifction  in  the  normal  monkc>N  response  to 
(he  second  and  third  flashes  Aftei  5  weeks  m  darkness,  the  b- wave  re- 
sponses of  this  group  of  animals  Li^^tTi^  se-  ond  and  third  tlashes.  on  the 
average*  dropped  to  only  one  frfih  or  less  of  normal 

I  will  not  speculate  on  the  mechanism  involved,  but  yre  do  kno\*  that 
lack  of  stimulation  in  an  adult  or  mature  monkey .  as  well  as  in  a  mature 
cat.  does'somelhing  to  retinal  function,  as  measured  b>  b-\*ave  ampli- 
tude and  Its  recovery 
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I  would  like  to  indicate  some  behavioral  correlates  of  lack  of  visual 
xtimuIaUon  in  the.m9nkey  ^t  birth  and  shortly  thereafter.  The  data 
(Fit-uft;  4)  are  from  some  acuit^'  measurements  that  Dr.  Paul  D.  Wilson 
MtJ^  m  yur  laboratory  in  Chicago.  He  rain-d  animals  m  diffuse  light  of 
nuctuatiiK'  mtensity.  rather  thaf^  patterned  lighf.  the  diffuse  light  was 
provided  K.r  2.5  breach  day.  On  day  20  in  this  experiment,  the  animals 
were  first  brought  intf,  patterned  ligV  Theif  v isu'al  acuity  was  mea- 
iun-d  wjth  an  optokinetic  drujn  that  had  stripes  6f  various  widths  to 
•■puil"  the  eyes.  There  was  4  high  degree  of  variability,  but  m  the  first 
•  set  «f  thri-e  c«liimns  (represtjnting  three  animals),  the  viAua!  a.nglo  that 
was  required  Jo  induce*  eye  movements  ranged  from  apprn.vimately  20 
min  to  .ibout  1 70  min  on  the  first  day.  The  subjects  improved  rather 
dramatically  on  the  second  and  third.days  of  patterned  light  expen- 
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cnu*.  and  there      conhnuing  improvement  as  the^c  mon- 
keys were  reared  m  a  noniMl  eovirenuicnt  up  to  the  age  of  41  days.  The 
black  bars  represent  normative  data  taken  from  a  study  by  Ordy  e!  al  * 
Their  infant  monkeys  >\ere  tt^ted  from  the  sea^nd  day  after  birtli,  and 
their  improvement  corresponds  well  according  to  thK^  measure  of  visual 
acuity,  , 

These  results  fit  the  data  ^f  Wiesel  aqd  Hubel^    Nhowmg  that  iC 
takes  patterned  tight,  not  diffu^ie  hghl,  to  improve  the  responses  of  edge- 
detector  units  in  the  visual>j'>tcm  We  do  not  think  that  this  measure  of 
acuity  represents  retinaV^inprDvement  itself.  Rather,  it  is  a  visual-system 
measure  that  relies,  probably,  on  midbrain  oculomotor  organization. 

Other  kinds  of  beho^ ij^^dicators  show  that  patterned  light  is  a 
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'  fm^    /jtCONt^    THiRO    SEVCNTH     FOURTEENTH  TWENTY'^riRST 

OAV      >    DAY    ,     DAY         OAY  OAV  DAY 

^O^^i  OF  PATTeRNrO-llOMT  ttPttiittV'A 

I  iCftRl  4  ImpitHhH*  Mvujil  Ru»r«mj!  i.,ipjviUc\  ol  0dn{  monUy^  alter  20  ila>^  ol  paUcfncd- 
Mit  dcpn^atiun  ipi^s  lufsi^  wonipjrjtd  with  r^^imaU.t  tcjicd  munkw^v iht^vk  bais),  TIk 

iiufnull^  rcafcd  n^^nV  >  >  vv»:ic  \iu<»kjij  b>  UiUy       ^  U^iU  lot  Uic  mi.nkc>  ^  icaud  in  ihiUtsK 
light  tfom  Kic^n  r  /  <;/  V*  , 
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critical  stimulating' fadlbrin  the  early  days  of  visual  deveJopment  in  the 
higher  primates.  Table  1  presents  data  from  the  rhesus  niorikeys  ascd^in 
Wilson's  experiments.'^  The  data  on  neonatajly  deprived  ^ubjeals  arc" 
rajigcs  for  1 2  animals,  of  which  six  were  raised  in  diffuse  light  for  2G^. 
4ays,  and  the  other  six  for  60  days,*Thc  aqtual  improvement  in  the 
p^irticular  behavioral  measures  listed  did  not  differ  significantly  for  the 
i      6(klay'4nd  2(May  groups,  and  they  paralleled  Ijght-reared  no!||iial  sub- 
;     ^  jects  tfiat  were  studied  from  birth.  Some  of  the  differences  indS<iatc  afl ; 
advantage  for  the  animals  reared  in  diffuse  light.  Ocular  pufsiiii  of  a 
ratoving  light  shows  this  slight  advantage,  perhaps:  1-3  days  versus  3-12 
days  of  pattered  light  experience.  Inaccurate  pursuit  of  objects  is  the 
exception,  for  this  item  first  appears  on  day§.6-l3  in  the  20-day-dd  or 
>^  6Cklay-old  pplteiTn-deprived  animals,  and  on  days  3-10  in  the  light-  " 
/•f?;^/rearcd  subjects. 

. '   iFor  ^ipocular  convergence  movements,  we  used  a  variety  of  stimuli 
•   f9r  gettwg  the  best  fixation  response  possible  from  a  little  point  of  light 
,  / .  or  a  i;dlorcd  object^  and  then  moved  the  stimulus  toward  the  infant's 
,        .  lace.  The  animals  that  had  matured  for  20  days  under  .the  diffuse-ligh| 
conditions  did  markedly  better.  They  showed  convergence  for  the  first 
time  in  the  secoad  week  (days  7-11)  after  patterned  light  was  initiated.' 
,        Tile  others  did  riot  show  this  behavior  until  after  the  third  week  (after 
birth,).  Accurate  reaching  to  an  object  starts  at  about  2  weeks  of  age  in 
both  groups.  Stiif  ting  at  20  days  or  60  days  provides  some  advantages 
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CofjMrnsual^»jAl4iy  response 
Ocu!;ii  pur^irof  light 
OctJiar  pwmH  of  objects^ 
Vjjujd  response 
inaccuTa|<4^4ch  to  object 
Bmocutar  Convergence 
Accar«(^ reach  to  object 
Vi^uil  cliff  avoidance 


12  Neonatally  Deprived 
Subjects^ 

Light-Reared 

Subjects 

1-2^  . 

1-3 

3-12 

4-12 

4-28 

5-16 

6-21 

6-13 

a-10 

7-11  , 

-  21-35 

12-29 

14-56 

11-34 

■I 


•  f  Derived  from  Wilson  »nd  Ricwn.'  ^  ^  - 

^I'lttVned  light  given  2.5  hr  daitty  to  rieonitaU>  deprived  group,  beginning  on^2Ist  or  6t$t  day 
^ftcr  hirth. 

^KAf\gv*^'rv present  da)^  of  ige  for  the  normally  litht  reircd  subjects  ind  diys  of  age  minus  20  or 
6^  for  fhe  deprived  subjects. 
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Effects  of  Visual  Environment  on  the  Retina 

that  reflect  either  the  motor  activity  that  they  have  had  from  birth  or 
maturation,  pr  both. 

«  fi? concluding,  I  would  like  to  stress  one  point.  This  kind  of  finding, 
that  stimulation  is  necessary  for  full  development,  is  not  restricted  to 
vision  and  the  retina.  There  are  studies  in  other  sense  modalities,  and  we 
should  take  the  data  as  a  whole.  We  have  to  consider  that  development, 
as  measured  by  various  growtji  indicators  and  by  anatomic  and  electro- 
phy'sioiogic  methods,  is  maximized  if  there  is  appropriate  stimulation, 
but       stimulation  can  also  be  excessive.  There  is  evidence  that  1 8-24 
hr  of  excessive  stimulatipn  will  also  impair  protei'ifi  content  of  cells, 
whether  measured  by  the  rna  precursor  index,  by  dry  weighty  or  by 
total-protein  assays.  The  notion  of  an  opdmum  is  clearly  implied  in 
the  data,  but  the  determination  of  the  optimum  remains  for  future 
investigation. 
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DISCUSSION  /  ' 

DR.  DtNENBt^G:  You  indicated  that,  in  theTat,90  days  of  visual  deprivation 
produces  10%  or  1 5%  of  normal  rna.  But  I  recall  reports  that  animals  raistd  in 
total  darkness  still  do  cxceptiorially  well  on  discrimination-learning  tasks. 

dr.  RIESEN;  Rats  do.  Up  to  some  age  (about  140  days)  when  they  begin  tashow 
impairment.  That  points  to  the  fact  that  rna  content  as  a  measure  doe?  not  - 
correlate  well  with  seeing,  and  I  hold  no  brief  for  the  measured  quantities  of  rnX^ 
protein  precursors  as  an  index  of  whether  these  systemsjiave  been  organized.  - 
I  shouldinake  one  other  point  here.  Once  there  is  a  visual  system  functioning 
welK  one  can  impose  conditions  that  will  eventually  result  in  a  ganglioa-cdl  df5-'  " 
pletion,  probably  even  in  ganglion-cell  death.  Our  chimpanzees  pcrfo>med  better 
visually  about  2  years  before  we  sacrificed  theip;  then,  their  performance  jvors- 
ened  up  to  the  time  of  sacrifice,  4  years  after  they  underwent  early  deprivation. ' 
The  early  deprivation  can,  indeed,  leave  a  partially  functioning  system,  and  yet 
eventually  lead  to  death  of  the  system.  \,  * 

One  animal,  Snark,  was  seeing  poorly;  we  are  sure  his  visual  acuilly  was  low 
when  he  was  4  yeaVj  old,  and  he  was  around  lb  years  old  whjen  we  did  the  hiJto-,; 
logic  examination,  by  which  time  he  was  hardty  sceing^t  all.  What  the  sections 
showed  was  a  loss  of  ganglion  cells.  He  also  had  jj^llor  of  the  disk,  indicating  an 
unhealthy  optic  nerve^ from  the  tim^e  whtn  he  was  still  ^eingsomc  things 
rather  well.  He  was  poping  aroynd  finding  things  slowly,  using  what  .vision  he 
still  had,  and  he  had  pupilary  responses  that  werrstill  fairly  lively.  ? 

We  have  data  fipom  te$ts  of  rather  difficult  form  discgmination  in  the 'cat.  We 
reared  the  animal^  in  darkness  for  the  first  SrmontTis  and  then  light  for  5  months, 
or  light  for  5  months  and  then  darkness  for  5  months.  We  found  that  the  latter 
order  results  in  normally  rapid,  complex  form-discrimination  learning.  We  used 
a  block  "X"  and  a  block  ''N"  that  leaned  oyer.  The  animals  that  were  reared  in 
the  light  first  learned  both  form  and  movement  discrimination  at  lO^months  of 
age  as  rapidly  as  any  normal  cat  of  the  many  that  we  have  tested  in'that  situa- 
tion. There  were  three  animals  in  that  experimental  setting,  and  their  scores  were 
in  the  upper  part  of  the  range  found  for  about  1 2  normally  reared  cats  (see  ' 
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pp.  1 17-147  in  E,  Stellar  and  J.  M.  Sprague,  Eds,  Progress  in  Physiological 
Psychology.  Vol.  I.  New  York:  Academic  Press,  1966). 
DR.  DOTY.  In  the  cl  mpanzee  experiments,  did  the  degenerative  process  continue 

after ihe  animal  was  restored  to  normal  lij;hting  conditions? 
DR.  RiESEN;  Indeed  it  did-both  in  the  animal  reared  in  darkness  from  birth  and 
the  animal  reared  in  the  light  from  birth  to  8  months  and  then  in  darkness  for 
24  months.  The  atrophy,  as  we  can  tell  from  ophthalmologic  examination,  not 
only  did  not.improve  in  the  liglit,  but  it  gradually  worsened.  We  could  not  tfell 
how  many  ganglion  cells  were  left  in  that  intervening  stage,  but  the  restoration 
of  the  light  did  not  save  the  system. 
DR.  V  ALVEKDE:  Did  you  mention  that  ganglion  cells  of  the  retina  completely 

disappeared?  ' 
DR.  RIESEN:  In  chimpanzees,  90%  of  the  cells  j^ppeared,  and  we  have  con- 
firmed that  with  a  couple  of  monkeys.  In  ^SMSer  period,  not  so  many  of  them 
disappeared,  bu  t  there  was  a  reduced  count.  Tm  same  loss  of  cells  will  occur  in 
other,  related  nuclei.  I  am  thinking  particularly  of  lateral  geniculate  nucleus  de- 
generation,  described  by  Wiesel  and  Hubel,  in  the  works  that  I  cited.  Of  course, 
th^re  have  been  many  studies  in  which  the  actual  end  organ  was  removed;  then, 
there  was  slow  but  progressive  degeneration,  until,  after  shrinking,  some  cells 
finally  disappeared  (see  the  paper  in  Progress  in  Physiological  Psychology,  cited 


DR.  LUPLAM:  When  you  raise  a  diurnal  animal,  like  a  monkey,  cat,  or  rabbit,  in 
the  dark,  other  things  happen  as  well.  Do  these  animals  eat  as  well  as  the  others? 
ArVihcy  exercised  in  the  same  way  as  the  others?  I  can  envision  changes  in  pro- 
tein caused  by  a  lack  of  exercise,  improper  nutrition,  and  so  forth. 
iJ>R.  RiESf^:  We  frequently  measured  activity.  Our  chimpanzees  totaled  as  much 
activity  for  a  24-hr  period  in  the  dark  as  in  the  light.  The  distribution  of  the 
activity  was  a  little  different:  they  tended  ♦c  be  highly  active  in  the  early  hours 
of  ihe  morning.  They  were  getting  hungrier  and  hungrier,  I  suppose,  instead  of 
sleeping.  They  did  not  develop  the  usual  sleep-wakefulness  cycle,  b^ut  they  were 
as  heavy  as  normally  reared  aniftials  and  they  ate  as  much. 

We  handled,  played  with,  and  fed  them  in  the  dark.  We  learned  quite  early 
not  to  is9late  these  cats  or  monkeyo  or  chimpanzees.  Some  animals  that  we  used 
earlier  in  our  work  did  not  do  very  well,  because  we  were  not  providing  enough 
extra  inducement  for  activity. 

i  do  not  think  that  this  i$  a  nutritional  problem  in  any  sense,  although  there 
were  some  indications  that  calcium  metabolism  was  slightly  affected:  two  of  our  » 
chimpanzees  showed  somewhat  later, ossification-cenler  appearance  in  the  long 
Ijones  of  the  body.  We  were  studying  various  growth, indices  at  the  same  time, 
and  this  is  the  only  effect  of  that  kind. 

In  the  past  we  thought  that  the  skulls  of  some  were  more  brittle  and  thinner,  * 
but  it  was  highly  variable.  Others  that  were  dkrk-reared  had  normal  skull  thick- 
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ness.  We  do  not  know  what  to  say  about  that,  except  that,  in  some  gexietically 
highly  variable  aninuh  like  the  domestic  cat,  some  might  require  sunlight  for 
utilization  of  vitamin  D  in  caiciflcation  and  o^thers  reqiiire  only  what  we  gave 
them  in  the  food. 

Many  indicei^  were  more  variable  in  the  dark-reared  animals,  but  enough  of 
them  were  just  right  in  all  measures  so  that  I  am  no  longer  very  worried  about 
the  nutritional  variable. 

DR.  ALPERN;  I  have  the  impression  that  there  were  changes  in  the  electroretino- 
graWand  that  histologically  you  found  that  the  chimpanzees,  in  contrast  with 
the  cats,  had  particular  kinds  ofganglion  cells.  T^s  is  not  characteristic  of  elec- 
troretinograms,  in  that  in  a  clinical  population  you  find  perfectly  normal  erg's 
in  patients,  for  example,  with  extensive  damage  and  degeneration  in  the 
ganglion-cell  layers  of  the  retina.  I  wonder  how  you  would  react  to  the  following 
trivial  explanation:  If  an  animal  is  reared  in  darkness  and  has  a  vigorous  pupil  re* 
sponse  to  the  first  flash  in  the  stimulus  train-a  response  that  kept  the  pupil  con- 
tracted much  longer  than  in  control  animals-one  would  expecf  that  the  reduced 
retinal  illumination  of  successive  flashes  would  evoke  smaller  erg's. 

dr".  riesen:  I  do  not  knew  whether  we  have  any  data  that  would  answer  that.  It 
IS  a  good  p^sibility .  There  were  rna  losses  in  the  bipolar  cells  and  even  in  the 
receptor  cell  bodies  in  those  eyes. 

DR.  LiNDSLEY:  You  said  that  the  flashes  were  spaced  as  much  as  10  sec  apart';  it 
was  not  a  train  of  repetitive  flashes.  ^ 

DR..R  lESEN :  No;  it  is  possible  to  keep  an  animal's  pupil  down  by  giving  it  a  vigor- 
ous flash  of  light,  and  it  might  stay  down  that  long.  Even  your-pupils,  if  you 
keep  yourself  in  the  dark  for  30  min,  would  remain  contracted  that  long.  We 
(Science  134:1626-1627,  1961;  Psychonomic  Science  1:33-34, 1964)  used 
homatropine  to  keep  the  pupil  dilated,  as  did  Cornwell  and  Sharpless  (Vision 
Res.  8:389-401, 1968).  / 
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The  Effects  of  Sensory  Deprivation  on 
Dendritic  Spines  in  the 
Visual  Cortex  of  the'MouSe: 

t 

A  Mathematical  Model  of  Spine  Distribution 

" "  I.  ■ 


INTRODUCTION  ' 

» 

Dendritic  spines,  a  sequence  of  postsynaptic  structures,  are  small,  thorn- 
like  projections  on  the  dendrites  of  neurons  in  the  mammalian  cerebral 
cortex. 'They  were  first  discovered  by  Cajal,*^  who  believed  that  they 
represented  nonna||||ior^hologic  formations,  although  many  contempo- 
raries repeatedly  questioned  their  existence.  Electron  microscopy  not 
only  has  demonstrated  tliaf  dendritic  spines  ar^  \videspread  in  the  cen* 
tral  nervous  system  (as  they  are  observed  to  be  with  the  light  microscope 
in  Golgi-Cox  and  methylene  blue  preparations),  but  has  shown  that 
they  are  sites  of  synaptic  contact  with  the  same  characteristics  as  those 
of  synapses  formed  elsewhere  with  .dendritic  trunks.** 

The  distribution  of  fiber  terminals  in  the  dendritic  pools  of  cortical 
neurons  reveals  some  principles  of  common  organization.  Some  of  these 
principles  may  be  deduced  through  the  study  of  4he  distribution  of  the 
dendritic  spines  that  represent  an  accurate  imprint  of  the  dendritic  syn- 
aptic coverage.  It  has  been  found  that  the  distribution  of  spines  along 
apical  dendrites  reflects  not  only  the  functional  maturation  of  the 
cells?:  !^*^^  -^  but  damage  to  them'"**'^^-^^  and  possibly  th^  functional 
state  of  their  afferent  fibers.^^ 


VALVKRDE  /  A.  KUIZ-MARCOS 


In  a  preliminary  study,'*''  we  had  found  that  the  nytan  number  ^ 
spines  per  consecu^tive  segment, along.apical  dendrites- (the  superficial  ^' 
ramifications  being  excluded)  of  the  layer  V  pyramidal  celi^  increases  - 
exponentially  with  distance  from  ^he  cell' body.  These  observations  are 
based  on  the  area  striata  of  the  mouse.  Furtlfcr  analysis  permitted  u.s  to 
partially  adjust  this  exponential  relationship  in  two  groups  of  mice  of  - 
the  same  age:  controls  and  mice  raised  in  da/kness  from  birth  up  to  th« 
age  of  24  days."*^ 

Since  the  work  of  Mann^^  and  Carlson"*  around  the  turn  of  the  cen- 
tury, it  has  been  known  that  significant  modifications  in  retinal  nerve 
"  cells  resulted  from  prolonged  variations  in  visual  stimulation.  Recently, 
.ChowV/fl/.,^  Weiskrantz,"*^  and  Riesen^''  confirmed  the  existence  of 
important  alterations  in  the  mammalian  retina  after  prolonged  light 
.deprivation. 

On  the  one  hand,  current  studies  have  proved  that  modifications  of 
sensory  input  and  environmental  conditions  can  affect  the  morphology 
of  the  cortex  and  some  subcortical  structures,  Gyllensten^"  described  , 
statistically  significant  diminutions  in  the  diameter  of  cell  nuclei  and  in 
the  quantity  of  interfiuclear  material.  He  made  these  observations  in  the 
supr^granular  layers  of  the  area  striata  in  mice  raised  in  the  dark  from 
birth  to  the  age  of  1  month,  Wiesel  and  Hubel^'  found  decreased  mean 
*cell  areas  in  the  lateral  geniculate  nuclei  of  kittens  in  which  one  eye  was 
deprived  of  vision  for  3  months.  However,  they  reported  that  no  obvious 
histologic  changes  were  observed  in  the  retinas,  the  optic  nerves,  the 
superior  colliculi,  or  the  visual  cortex.  Using  the  Golgi-Cox  technique, 
Cplem^n  atid  Ri'escn^  have  compared  ihe  dendritic  fields  of  the  stellate 
cells  of  the  visual  cortex  in  cats  tlwit  were  reared  in  the  dark  with  those 
of  their  normal  siblings,  fn  dark -raised  cats,  they  found  shorter  den- 
drites, a  reduction  in  the  numW  pf  dendrites  per  cell,  and  (using  SholPs 
procedure  of  conccrttric  circles'* )  a  reduction^  in  the  number  of  intersec- 
tions of  dendrites  with  circles  centered  aroqnd  the  cell  body. 

On  tKe  other  hand7T^osen^weig  c7  aL,^^,  Bennett  et       and  Diamond 
r/  al     hive  demonstrated  tliat  an  enriched  eyvlronmerft  positively  in- 
creases, the  hrainj.weight  in  rajt;;.  These  authorsjhave  suggested  that  the 
chahgcs  nught  be  due  in  part^  to  further  development  of  the  dendrites. 
The  suggestion  was  tested  by  Hollow;jy,^''_who  foun^  convincing  evi- 
dence that  dendritic  branching  increas(is  in  rats  raised  in  environmental 
complexity.  P*^urthermore,  Gyllensjten  et  al}^  have  recently  described 
hypertrophy  of  the  supri^granular  layers  of  the  auditory  cortex  after 


The  Effects  of  Sensory  Deprivation  onJDendritic  Spines 

visual  deprivation  and  have  suggested  th;^t  it  miglit  represent  a  compcn-  . 
satory  mechanism. 

From  the  foregoing  accounts,  it  is  evident  that  either  a  sensory  depri- 
vation or  an  increase  in  training  can  modify  the  fine  structure  of  the 
central  nervous  system.  These  structural  changes  can  be  studied  with 
some  of  our  classical  pro<^d,ures  for  light  microscopy.  The  purpose  of 
the  investigation  to  be^describcWiere  was  to  verify  whether  the  number 
of  spines  in  the  apic^ii  den(4[t^*s#a^  the  large  pyramidal  cells  in  the  mouse 
area  striata  can  be  n|c)dtfic^%y'*dclreasing  the  sensory  information  that 
reaches  the  visudl  corteX.  It  wa^ound  that  the  number  of  spines  dimin- 
ishes in  mice  enucleated  on  One  side  and  in  mice  reared  in  complete 
darkness  and  that  in  both  normal  and  visually  deprived  subjects  the 
number  of  spines  along  apical  dendrites  increases  exponentially  with  • 
distance  from  the  cell  body. 

We  would  like  to  describe  some  morphologic  details  of  dendritic  spines 
and  their  relevant  afferent  connections,  the  effects  of  unilateral  enuclea- 
tion on  the  number  and  distribution  of  dendritic  spines,  and  a  mathe-  • 
matical  model  that  defines  the  distribution  of  spines  in  the  apical  den-, 
drites  of  the  layer  V  pyramidal-cells  of  normal  and  dark-raised  mice. 


MATERIALS  AND  METHODS 

The  material  for  this  study  consisted  of  15^^  brains  stained  by. the  Gglgi 
method***  from  a  closed  colony  of  black  mice  derived  from  an  inbred 
stock.  They  were  collected  over  a  period  of  4  years  from  litters  born 
after  eariy  spring  matings. 

The  brains  used  wore  from  animals  in  three  groups:  73  animals  raised 
. under  normal  conditifons  up  to  the  ages  of  1 0»  1 4»  1 9»  2 1 ,      36,  48,  , 
78,  and  180  days,  58  animals  raised  in  complete  darkness,  as  desVjibcd 
elsewhere,'*^  up  to  the  same  ages  as  the  control  group,  and  22  animals 
unilaterally  enucleated  at  birth  and  allowed  to  survive  up  to  the  ages  of 
24  and  48  days.  ,        ^        ,  . 

The  spines  were  counted  m  about  1,20^ complete  apical  dendrites  of 
pyramidal  cells  of  layer  V  in  the  area  striata.  The  apical  dendrites  were 
arbitrarily  divided  into  nine  consecutive  segments  50 /n  long,  and  the 
spines  on  each  segment  v^re  counted.  The  numbers  of  spines  were 
plotted  and  punched  on  cards.  Further  processing  for  study  and  adjust- 
ment of  the  exponential  rMationship  between  the  mean  nuniber  of 
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spines  per  segment  and  the  distance  from  the  cell  body  involved  the  use 
of  IBM  7070  FORTRAN  and  Autocoder  programs  written  especially  for 
this  work.  I 


RESULTS 

Connections  of  Apical  Dendritic  Spines  in  Visual  Cortex 

The  synaptrc  terijainals  on  dendritic  spines  can  be  observed  easily  on 
Golgi  preparations.  They  appear  in  the  form  of  short  twigs  derived  from 
asceJitling  or  descending  fibers  that  are  (^iiely  parallel  to  the  apical  den- 
drites for  considerable  distances.  These  parallel  fibers  were  identified  as 
the  descending  principal  axons  or  their  collaterals  of  the  superficial 
pyramidal  cells,  or  the  ascending  or  descending  collaterals  of  stellate 
cells."'^'^  In  other  cases,  a- group  of  fibers  approach  the  dendrite  at 
various  angles,  leaving  a'^umber  of  clustered  terminals  ov.er  localized 
portions  of  the  dendrite.'*^  These  two*  forms  of  afferent  dendritic  spine 
synapses  (from  parallel  fibers  and  by  crossing-over  contacts)  have  been 
well  established  in  many  previous  Golgi  studies.  > 

Figure  1  is  a  camera  lucida  drawing  of  a  portion  of  an  apical  dendrite 
of  a  layer  V  pyramidal  cell  at  the  level  of  layer  IV  of  the  visual  cortex. 
Dendritic  spines  are  clearly  visible  as  small  short-side  appendages 
throughout  the  entire  portion  of  the  dendrite.  Several  fibers  (2-6)  ap- 
proach the  dendrite  to  make  synaptic  contacts  on  the  spines.  Fiber  I 
is  the  main  descending  axon  of  one  superficial  pyramidal  ctll  This  axon 
partly  follows  the  dendrite  and  appears. visible  in  the  lower  part  of  the 
drawing,  where  it  run^  parallel  to  and  contacts  the  dendritic  spines  (sp). 

We  have  been  particulariy  interested  in  the  establishment  of  the  cir- 
cuit that  relates  the  specific  afferents  of  area  striata  with  the  apical  dcn- 
^  drites  of  layer  V  pyramidal  cells.  On  the  one  hand,  the  specific  visual 
afferents  might  synapse  directly  on  the  dendrites.  Several  indirect  argu- 
ments pointed  this  out  in  previous  studies,'*-^  but,  to  our  knowledge, 
this  articulation  has  never  been  observed.  The  specific  afferents  appear 
diffix:ult  to  stain  with  the  Golgi  method  in  subjects  over  3  weeks  old, 
and  only  in  younger  animals  is  the  identification  of  such  fibers  clear; 
but  the  dendritic  spines  are  not  fully  developed,  and  the  synaptic  forma- 
tions involved  in  this  connection  may  be  absent.  On  the  other  hand,  the 
specific  visual  afferents  synapse  on  the  dendrites  of  intracortical.asso- 
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cialion  cells  in  layers  IV  aiid  lit,  which  in  turn  contact  the  apical  den- 
dnies  through  their  short  avons  We  believe  thut  this  multisynaptic 
articulation  is  mow  frequent  and  most  interesting,  in  that  it  increases 
the  possibilities  of  modulatory  effects  on  the  pyramidal  cc\h. 

Figure  2  is  a  camera  lucida^drawing  of  one  stellate  cell  in  layer  IV  of 
the  area  striata  of  a  normal  mouse  48  days  old.  The  dendrites  radiate^  in 
two  opposite  bunches  the  ascending  one  extends  widely  througli  layers 
IV  and  III.  and  a  thick  descending  dendrite  penetrates  into  layer  V  and 
bifurcates  Tlie  dendrites  liave  numerous  spines.  The  axon  of  this  cell  • 
C  la)  descends  initially  from  its  origin  at  the  base  of  the  descending  den- 
dnte  and  soon  emits  numerous  collaterals  (:;a-9aj.  For  example,  col- 
lateral 4a  originates  in  layer  V  and  splits  into  a  fiber  tlvat  immediately 
turns  horizontally  and  a  branch  that  contacts  the  dendrite  designated  2  • 
at  s,  (The  dendrite  is  a  portion  of  the  apical  shaft  of  one  pyramidal  cell 
of  la>er  V  )  Likewise,  collateral  fcaejnerges  m  layer  V  with  several  rcla- 
tivelj^arge  thickenings  contacting  the  same  dendrite  2  at  two  points  s. 
Coinileral  7a  ascends  for  a  long  distance,  traversing  layers  V.  IV,  and  111; 
>  and  collateral />a  descends  in  layer  V  after  sending  off  a  second  collateral 

at  a  nglJ!  angle  (to  the  left  in  the  figure!  The  main  axonal  fiber,  now 
^o«MJcrably  thinner,  pursue^  an  obliquely  ascending  course  ( 1  Oa).  giv- 
ing off  a  small  twig  for  dendrite  I .  which  is  another  apical  shaft  of  one 
pyramidal  cell  of  layer  V 

I  fUrh     AVi/fi  hulion  on  Sumhct  nf  Ih  uJniu  Spmcs  Further  De  tails 
of ,  I  Kifypuunh  nUntn  Omtui  ts 

In  (iolgi  preparations,  the  apical  dendrites  of  the  pyramidal  cells  of 
layer  V,  which  are  500-<iOOm  deep,  as  the>  ascend  througli  layers  V, 
IV.  and  HI  appear  densely  covered  with  spmes,  a  series  ot^hort  side  ap- 
pendages representing  postsynaptic  structures.  The  eniia*  apical  shaft, 
^  excluding  the  lerininal  superficial  ramifications,  can  be  arbifranly 
divided  into  a  number  of  consecutive  segments  (usually  nine  or  ten  in 
the  mouse  s  visual  vortex)  cnch  50m  long  Three  of  them  were  selected 
for  counting  dendritic  spines  between  50  and  100^.  between  150  and 
200 /i.  aird  between  250  and  300 /x  from  the  cell  body.  The  finTsegment 
IS  in  layer  V,  the  selond  in  layer  IV.  and  the  third  in  layeiV[II  The  spines 
were  counted  in  540  selected  segments  in  both  areae  striatae  m  mice 
^*»^>^l«-***l^'d     the  right  e>e  at  birth,  and  the  results  were  compared  with 
those  from  normal  mice  ot  the  same  ages 
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In  segments  at  the  same  dist;^nct'  from  the  cell  body  and  fmm  animals 
of  the  same  age  and  condition,  the  numbers  of  spines  per  segment  fol- 
^        lowed  the  normal  distribution  curve.  Lach  segment  contained  a  number  , 
,  of  !ipines  that  remained*  within  statistically  leasonable  limits,  around  a 
'  mean  value  that  was  found' to  be  bpecific  for  each  distance  from  the  cell 

body.  The  .aean  number  of  spines  per  segment  varied,  however,  in  ani- 
mals of  different  age,  diminishing  significantly  in  segments  in  layer  IV  v 
from  the  corresponding  area  striata  of  mice^nucleated  at  birth. 

Correspondingly,  in  the  segment  in  layer  IV  fiom  the  affected  artae 
striatac  of  enucleated  animals,  tlie  diminution  of  the  mean  number  of 
dendntic  spines  is  statistically  significant  w«th  re;3nect  to  mean  values 
from  the  same  segment  of  normal  animals.  Tlie  difference  is  significant 
in  both  groups,  24  days  old  {p  <  0.001 )  and  48  days  old  ip  <  OMSl 
The  difference  is  not  significant  when  thi'  comparison  is  between  normal 
values  and  those  obtained  in  the  contralateral  (right)  area  striata.  For 
layer  IIL  the  same  comparison  a^veals  a  difference  signiucanl  beyond 
the  2S1  tev^el.  There  was  no  difference  in  the  number  of  spines  in  seg- 
ments of  layer  V  between  enucleated  and  normal  animalx  of  the  same 
age.  \         ,  ' 

.  FiguK*  3  is  a  detailed  camera  lucida  drawing  of  several  portions  of 
apical  dendrites  of  deep  pyramidal  cells  traversing  layer  IV.  The  draw- 
ing was  made  from  the,area  striata  of  a  normal  mouse  48  days  old.  | 
Figure  4  is  a  detailed  camera  lucida  drawing  of  a  field  similar  to  that  of 
f  igurc  3  hut  concsponding  to  the  left  area  striata  of  a  48-day-ol3  mouse 
enmleated  at  birth  on  the  riglit  side.  Severaf  portion^  of  apical  dendrites 
of  tfeep  pyramidal  cells  traversing  layer  IV  cieariy  show  the  effects  of 
enucleation.  The  number  of  spinj^s  has  diminished  considerably  on  den-  ' 
^  drite^r.  1-5  Dendrite  6  in  Figure  4  is  accontpanied  by  a  fiber  coursing  in 

the  s^me  direction,  showing  seVcr.d  nliort  side  appendages  that  coniact 
*     the  dendrite  and  spmes.  Tins  fibei  could  not  be  identified,  but  it  prob- 
ably represents  a  descending  axon,df  collateral  of  a  superficial  pyri^midal 
cell,  or  an  ascendmg  fiber  of  a  stellate  cclK  Axons  of  both  types  of  cells 
have  been  observed  Irequently  to  lie  J^arallel  to  and  contact  ^tpical  den- 
dntes  \h  this  manner. 

Figure  5A  shoves  at  the  level  of  layer  IV  part  of  the  apical  dendrid*  of 
one  pyrmiidal  cell  of  layer  V  of  the  nght  (nonaffected)  aa»a  ^*triata  from 
a  mouse  24  days  old,  enucleated  at  birfh  on  the  nglit  side.  Figure  SB 
show  sat  the  sarac  level  part  of  another  apical  dendrite  from  a  pyramiddi 
tell  ct  h|yei  V  of  the  area  stnata  from  a  normal  mouse  4X  days  6td. 
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HQVM  4  Camew  lucida  drawing  of  portions  of  several  apical  dendrites  of  layer  V  pyramidii 
cells  traversing  layer  IV  of  left  area  striata  of  48-day'Old  mouse  enucleated  on  right  side  at  bifth. 
Compare  with  Figure  3.  note  diminution  of  spines.  Same  magnihcation  as  in  Figure  3,  Golgi 
method.  (Reprinted  with  pcrmisMon  from  Valverdc>*) 
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riGUKE  5  Mosaic  photomicrographic 
reconstruction  of  two  apical  dendrites 
of  layer  V  pyramidal  cells  at  the  level 
of  layer  IV  of  area  striata.  A,  24<lay- 
otd  mouse  enucleated  at  birth;  normal 
dendrite  in      unaffected  area  striata 
with  contact^ifl  parallel.  B,  norrpal 
48KJayH)ld  mpu«;  dendrite  with 
crossing  syiuipses.  Golgi  method. 
(Reprinted  with  permission  from 
Valverde.44) 
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Dendritic  spines  are  more  numerous  and  tjiickly  distributed  in  older 
animals.  In  Figure  S,  afferent  fibers  cross  the  dendrite  at  various  angles . 
over  a  small  segment,  about  20  ix  long,  which  apjiears  densely  covered 
by  terminals  of  these  fibers.  It  seems  clear  that  contacts  in  parallel 
(Figure  5A)  would  have  widespread  effects  over  long  dendritjc  portions^ 
whereas  crossing  synapses  (Figure  5B)  would  affect  restricted  parts  of 
the  dendrite. 

Repeated  observations  showed  that  fibers  synapsing  i .  parallel  on 
dendritic  shafts  of  deep  pyramidal  cells  represent  either  the  main  de- 
scending axon  of  a  superficial  pyramidal  cell  or  fts  collaterals  or  aiscend- 
*  •    ing  axonal  branches  of  stellate  cells.  Synaptic  contacts  like  those  in 
Figure  5B  have  often  been  observed  in  layer  IV.  We  believe  that  they 
represent  terminations  of  specific  affereni  fibers  over  apical  dendrites. 

In  Figure  6,  the  effects  of  enucleation  at'birth  on  the  number  of  den- 
dritic spines  at  the  level  of  layer  IV  (affected  area  striata)  in  apicals  of 
two  layer  V  pyramiual  cells  (A,  24-day-old  mouse;  B,  48-day-old  mouse) 
can  be  clearly  obsc  **vjd<. 

Distribution  of  Apical  Dendritic  Spines  in  Visual  Cortex  of  Mice  Raised 
under  Norma!  Conditions:  A  Mathematical  Model 

The  number  of  dendritic  spines  was  found  to  increase  with  distance 
from  the  cell  body.  We  have  previously  defined  this  relationship  for, 
apical  dendrites  of  pyramidal  cells  of  layer  V  in  the  area  striata  of  24- 
day-old  mice.'*^  '*''  It  can  be  expressed  by  the  following  exponential 
equation: 

y^,=y^{l^Ke-^xi  (I) 
in  which  ^ 

=  mean  number  of  spines  per  SO-ju  segment, 
j;„=  maximal  number  of  spines  on  one  segment, 
e  =  basis  of  natural  logarithms, 
B  =  slope.of  corresponding  regression  line, 
X  =  distance  frpm  cell  body;  and 
=  value  of  {y^n  -  y^  )lyf„  when  .\:.=  0. 

Equation  1  was  found  to  define  satisfactorily  the  distribution  of- 
spines  along  the  first  seven  segments  beginning  in  the  pyramidal  cell 
body,  but  it  did  not  explain  the  decay  of  the  number  of  spines  occur- 
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FIGURE  6  Mos&ic  photomicro- 
graphic  reconstruction  of  two  apical 
dendrites  of  layer  V  pyramidal  cells  at 
the  level  of  layer  IV  of  area  striata.  A, 
24'day-old  mouse  enucleated  at  birth. 

48KlayK>ld  mouse  enucleated  at 
birth.  Both  dendrites  belonging  to  af- 
fected areae  striatae  clearly  show  dimi- 
nution of  spines.  Compare  with  Fig- 
ure 5.  Same  magnification  as  in  Fig- 
ure 5.  Golgi  method.  (Reprinted  with 
permission  from  Valverde.44) 
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ring  distdly  on  the  apical  dendrite.  We  Ijave  studied  the  distribution  of 
spines  in  i\ce  10,  14,  19,  21,  36, 48,  and  18(Xdays  old  raised  under 
normal  conlitions  and  have  obtained  a  sequent     different  y/s  along 
•the  apical  deVdrites  for  each  age.  Figure  7  shows  .ne  observed  distribu- 
tion of  the        number  of  spines  per  segment  in  four  representative 
age  groups  of  n\iDal  mice.  The  inean  number  of  spines  for  the  first 
segment,  betweei^he  body  and  5.0 /i  along  the  apical  dendrite,  corre- 
sponds to  25  on  tho^bscissa;  the  mean  number  for  the  segment  between 
50  and  lOO/i  along  the  apical  dendrite  corresponds  to  75  on  the  ab- 
scissa; and  so  on.  \ 

We  then, confirmed  tha^^  increases  distally  along  the  dendrite  ir  all 
ages  studied.  But  we  observe^L  in  the  24-day-old  group'*^  and  in  older 
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Distance  From  cell  body  (microns) 

riGURL  7  Number  and  distribution  of  spines  in  consecutive  SO^n  segments  along  the  apical  dendrites  of 
layer  V  pyramidal  cells*«  \n  the  area  striata.  Sequence  of  mean^/alues  m  four  representative  age  groups  of 
normal  mice.  Curves  were  fitted  by  hand.  See  text  for  details. 
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animals,  that  the  number  decreases  gradually  in  more  distal  segments. 
The  observation  of  these  distributions  suggested  two  factors;  the  poten- 
tial factor    responsible  for  the  increase  in    distally  along  the  dendrite 
and  estimated  by  the  slope  pf  the  regression  line;  and  the  inhibitory  fac- 
tor,/F,  antagonistic  with 5,' gradually  hampering,;^  in  such  a  way  that 
the  combination  miglU  result  in  the  distributions  of  Figure  7.  It  will  be 
seen  that  IF  becomes  greater  distally  along  the  apical  dendrite  and  also 
with  the  age  of  the  animal,  effecting  the  maximal  decay  of  the  mean 
number  of  dendritic  spines  in  the  last  segments  t)f  180-day-old  mice. 
.  Taking  into  accoimt  the  specific  properties  of  the  exponential  func- 
tion, we  have  postulated  that  the  observed  distributions  may  be  defined 
by  this  equation: 

.;V.  =  r,„  (l-AV^-v)e-/Kv.  (2) 

•  Thus,  Equation  1  would  Be  a  particular  case  of  Equation  2  when  /F=  0. 

To  test  whether  Equation  2  defines  the  observed  spine  distribution, 
several  programs  were  written  for  an  IBM  7070.  The  data  were  fed  into 
the  computer  on  punched  cards.  The  computer  retrieved  the  mean  num- 
ber of  spines  Ov)  for  e^^h  dendritic  segment,  the  experimental  distribu- 
tion, and  the  957(  confidence  limits  on  the  basis  of  a  Student's  t-test. 
This  program  (RV-6801)  was  the  first  that  gave  the  basis  for  further 
analysis  of  the  spine  distribution. 

Through  a  specially  programmed  trial-and-error  process  (program  RV^ 
6803),  the  computer  found  the  values  of  K,  fi,  and  IF  that  best  fitted 
the'experimental  distribution  by  regression  analysis."*^  After  obtaining 
the  values  of  A',  B,  and  IF  that  gave  the  higliest  correlation,  the  com- 
puter jialculateJ  from  Equation  2  the  theore{ical  values  of    and  the 
'chi-square  values  corresponding  to  the  difference  between  the  theoreti- 
^cal  and  experimental  distributions,  calculating  the  goodness  of  fit  by 
comparing  these  chi-square  values  with  a  series  of  tabulated  chi-square 
values  stored  previously. 

The  computer  thaivprinted  out  a  graphic  for  each  group  of  am|mils 
of  the  same  age  and  condition  with  the  experimental  and  theoretical 
distribution  of  the  mean  number  of  dendritic  spines  and  their  corre- 
sponding numeric  values.  The  graphic  output  from  this  program,  repro- 
duced in  Figure  8,  corresponds  tp  the  distribution  of  spines  along 
apical  dei\drites  in  normal  19-day-old  mice. 

With  this  program,  we  have  studied  routinely  the  distribution  of 
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FKJURE  8  Expcrimentaf  and  theoretical  distribution  of  dendritic  spines  along  apical  shafts  of  layer  V 
pyramidal  cells  Of  area  striata  of  four  normal  19-day-old  mic^.  Total  dendrites,  49.  Dot,  experimental^ 
ordinate;  asterisk,  theoretical  ordinate.  When  difference  between  theory  and  experiment  is  les$  than  one 
^pine  per  segment,  only  asterisk  is  shown.  Data  prepared  from  IBM  7070  program  RV-6803.  Chi  value 
2.409,8df,p<0.05. 
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spines  along  apical  dendrites  of  the  layer  V  pvramidal  cells  of  area  • 
striata  in  four  groups  of  mice:  / 

Controls*  10,  14,  19,  21,  24,  36,  48,  i{nd  ISOdays^cI 
Raised  in  darkness  since  birth:  10,  R  19,  21,  24,  36;  48,  and 
ISO  day?  old 

Enucleated  on  right  side  for  study  of  distribution  of  dendritic 

spines.in  left  area  striata:  24  and  48  days  old 
Enucleated  on  right  side  for  study  of  distribution  of  dendritic 

spines  in  right  area  striata:  24  and  48  days  old 

In  all  four  groups  of  striate  apical  dendrites,  the  computer  obtained 
higlily  significant  adjustments  to  the  theoretical  distribution  formu- 


V 


The  Effects  of  Sensory  Deprivation  on  Dendritic  Spines 

9  * 

lated  byEqj^ation  2  with/;  values  always  less  than  0,05  (<  0.01  and 
<  0.005  intlJveral  groups).  liquation  2  is  valid  to  describe  the  distribu- 
tion of  spines  along  apical  dendrites  in  the  pyramidal  cells  of  layer  V  of 
the  area  striata  of  the  mouse  at  the  ages  and  conditions  just  mentioned,  '  ^ 
yielding  specific  values  of  the  coefficients  IF,  iCand  K  for  each  age. 

We'have  studied  the  relationships  pmong  the  values  of  these  coeffi- ' 
cients  and  the  age,  T,  of  the  animal,  and  obtained  a  series  of  graphics 
that  suggest  the  existence  of  a  relationship  between^ /F  and  B  and  the 
age  of  the  animal:  \ 

lF  =  lFm  {\-IFK^  T-^^^^)  .(3)  ■ 

and  '        '       -  . .  '    •  /• 

fi  =  fi„,  (l-BK^  T-B^l   \  (4) 

an<|pulso  suggest  a  relationship  modulated  by  an  expoitcntial  function 
for  the  values  of  K:  - 

K^K^  {l-KK.T-^'B)eP'r^    ^  (5) 

in  which  e  =  basis  of  natural  logarithms,  T-  age  of  animal,  and  IFK, 
IFB,  B^ ,  BK,  BB,  ,  A' A',  KB;  and  P  =  series  of  coefficients  required  for 
adjustments. 

To  test*whether  Equations  3-5  would  satisfactorily  represent  the  se- 
quence of  values,  two  programs  (RV-6807  and  RV-6808)  were  written 
for  the  IBM  7070.  An  adjustment  better  than  /;  <0.05  was  obtained  for 
all  cases. 

The  system  of  Equations  2-5  constitutes  a  mathematical  model  that 
permits  us  to  determine  the  distribution  of  the  dendritic  spines  as  a  func- 
tion of  age.  Througli  Equations  3-5  it  is  possible  to  calculate  the  values 
of  IF,  B,  and  K  corresponding  to  a  given  T;  then,  by  appropriate  substi- 
tutions in  Equation  2,  the  distribution  in  terms  of  number  of  spines  per 
segment  cati  be  obtained  for  that  animal.  Program  HV-681 1  resolves  the 
system  of  equations  of  the  model  and  prints  out  a  graphi^  with  the  spine 
distribution  corresponding  to  a  given  age.  Figure  9  is  an  example:  after 
obtaining  the  data  sheet  of  a  predicted  distribution  corresponding  to 
the  21-day-old  mouse  raised  in  darkness,  we  counted  spines  as  usual 
through  the  niicroscop'j  on  a  series  of  Golgi-stained  brains  and  obtained 
a  spine  distribution  that  fitted  the  predicted  distribution  of  Figure  9 
(;;<0.05). 
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FIGURE  9  Predicted  distribiMion  of  dendntic  spines  along  apical  shafts  of  layer  V  pyramidal  cells  of  area 
suiata  corresponding  to  21 -da./ -old  mice  that  were  raised  in  darkness.  These  values  fit  {p  <0.05)  the  expei 
mental  distribution  obtained  later  from  microscope  countings.  Data  prepared  from  IBM  7070  program 
RV-6811. 


Determination  of  Age  on  the  Basis  of  Distribution  of  Dendritic  SpineS  • 

With  our  mathematical  model  it  is  possible  to  solve  the  inverse  problem; 
i.e.,  once  we  know  the  distribution  of  dendritic  spines  and  the  values  of 
IF,  By  and  A^,  we  can  obtain  the  age  of  an  animal  according  to  the  in- 
verse of  Equations  3-5.  . 

'  We  tried  several  animals  to  prove  the  validity  of  this  process.^^  In 
some,  we  obtained  rvalues  differing  by  15-20  days  from  the  real  ages 
of  the  subjects  tested,  but  in  others  we  got  fairly  good  approximations 
of  the  true  age.  For  example,  the  brain  of  mouse  M240,  whose  age  was 
not  previously  revealed  to  us,  was  stainecf  by  the  Golgi  method.  We 
counted  the  spines  on  consecutive  segments  of  43  apical  dendrites.  The 
values  for  each  apical  dendrite  were  punched  on  individual  cards  and 
processed  with  program  RV-6805  to  obtain  values  of  /F,  5,  and  K  cor- 
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responding  to  the  minimal  chi-square  value.  These  were  substituted  in' 
Equations  3-5  tg  obtain  the  corresponding  7  values.  Identical  rvalues 
in  a  given  animal  were  never  obtained*  For  mouse  M240,  21  days  old, 
we  obtained  a  mean  rvalue  of  21.77  days. 


Distribuiion  of  Dendritic  Spines  in  Visual  Cortex  of  Enucleated  and 
Dark-Raised  Mice  . 

Mice  enucleated  at  birth  or  raised. in  darkness  are  subject  to  a  statisti- 
cally significant  diminution  of  Uie  number  of  spines,  which  is  most^evi- 
dent  at  layer  IV  in  enucleated  animals  and  throughout  the  apical  den- 
drites in  dark-raised  animals  of  all  the  ages  we  have  studied. 

Figure  10  is  a  graphic  output  frpm  program  RV-6803  corresponding 
to  the  distribution  of  dendritic  spines  in  the  affected  area  striata  (con- 
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I'IGURE  10  Lxpcrimental  and  theoretical  distribution  ol  dendritic  spines  along  apical^hafts  oflayer  V 
pyramidal  cells  of  affecltcd  area.<>triata  of  four  48-day  «old  mice  enucleated  at  birth.  Total  dendrites.  j1  ■ 
See*caption  af  l  igure  8.  Data  prepared  from  IBM  7070  program  RV'6803.  Chi  value  2.257.  8  df,p  <0.05. 
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tral^craUqjht^iLUcj  enucleated  at  birth. 

The  distribution  caii  be  compared  with  that  obtained  for  normal  mice 
°f  tP'Syf?  7).  In  enucleated  mice  "  c  observed  somewhat- 

lower  mean  numbers  of  spines  per  segment  at  classes  1 25.  1 75.  225.  ;ind 
275  corresponding  to  the  level  of  the  apical  dendrites  traversing  layer 
IV:  the  differences  from  the  averaged  numbers  in  normal  mice  were 
significant.  ■       _  _ 

Figure  1 1  shews  the  graphic  output  from  the  samejrogram  corre- 
sponding to  the  distribution  of  dendritic  spines  in  48-day-old  mice 
raised  in  darkness.  In  all  age  gr9ups  of  mice  raised  in  darkness  that  we 
have  studied,  highly  significant  agreements  with  the  theoretical  distribu- 
|'°"f^-^^"jated  by  Equation  2  hav^been  obtained. 'with always  less 
Ihan  0.057Tneinrierences  Troni  the  averaged  numbers  of  spines  ob- 
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FIGURE  1 1  Fxpcrimcntal  and  theoretical  distribution  of  dendritic  spmcvaloirg  apical  shafts  of  layer  V 
pyramidal  ceHs  of  area  striata  of  nine  48Hlay  ^old  mice  raised  m  darkness.  Total  dendrites.  8|,  See  caption 


ot  f  igure  8  Dala  prepated  from  IBM  7070  program  RV.6803.  Chi  value  0.152. 8  dTp  <0.005. 
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servtfti  in  ifontijil  muc  ^vxc  si^Mtivant.  except  lor  imve  ujiosc  c>cn 
were  not  ycl  open.     *      '       \  ' 

Tlie  distnbution  i»4  dendntu  ^piuc>  in  ilarkHaiwd  mice  then,  nia> 
described  by  I  qualion  2  -Values  fef  //  ,  ti^  vituJ  K  onte^^ponUing  >Mtli  the 
age  ol  the.annnal  can  also  Iv  de^ribvd  b>  hquatiunii  3-5,  except  func-' 
non  A'  =^  fXn,  which  exproses  the  CNponeniial  modulation  observed  lor 
normal  mke  and  is  not  presented  here  The  mathematical  mode!  ol  the 
distribution  ot  dendnlft  spme^  m  dori^  raixd  mice  appears  to  ISe  repre- 
sented by  a  Mjl  of  equati*     similar  to  Filiations  2-5  lor  normal  mice 
withU  sencN  of  wtHjlYaientx  honioloj^'ou^  to  those  corresponding  to  Iqua* 
tions2-5.'^ 

FipuR-  12  IS  a  threc  diinensiunal  reconstruction  (b>  lisonS  method^'  * 
of  the  distribution  ot  dendntic  spines  per  segment  along  the  apical  >fialls 
in  relation  to  age  m  normal  and  dark  raised  mice  fron\  10  to  180  Jays 
old.  The  reconstructipn  has  betn  drawn  with  values  of  the  theorclual 
distribution^  given  by  the  computer  acco.ding  to  the  mathematical 
model  The  distance  from  the  cell  body  *along  the  apical  dendrites  jis 
represented  by  the  \»a\is.  IIk  mean  number  of  spines  per  50-m  segment, 
by  the  y-axis.  and  age.  by  the  /-Jms,  !  our  sections  perpendicular  to 
/-y  plane,  corresponding  to  the  distributions  at  the  ages  tif  10,  19, 48. 
and  180  days,  were  used  to  build  these  reconstructions  ^ 

Comparison  of  the  two  reconstructions  reveals  a  great  diflerence  m 
mean  numbers  of  spines  per  segment  that  is  associated  with  Jge  There 
is  a  sharp  increase  in  the  number  ot  spines  througliout  tljc  apical  den- 
drites in  normal  mice  between  10  and  19  days,  which  is  ablated  to  the 
opening  of  the  eyes,  in  dark  raised  mice,  the  numbers  of  spines,  except 
at  ^0  ilays.  appe^ir  al^uys  below  the  corresponding  numbers  obsc^rxed 
in  normal  mice.  TV.v  .surface  of  the  reconstruction  is  rather  smooth  and 
does  not  prcsvnt  a  ciVst  at  the  19-day  level.  As  in  norma)  mice,  there,  is 
a  continuous  dt*\:rease  in  the  number  of  spines  on  the  last  dendntic  scg- 
ments  from  the  19^day  level,  and  the  number  of  spines  6n  segments 
closer  to  the  cell  bod>  incrca5*esctntinucui>ly  ^Mth  age  althougli  »ot  .is 
markedly. 


DISCUSSION  ^  '  _ 

Recent  al>servations  of  Colonnier*"  show  that  httlc  of  the  dendntic  intei- 
spine  surfaee  bears  presynaptic  fdrmatKms,  His  Results  point  out  that 
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FIGUkr.  1 2  Jht^K-dmen^nA  reconstruction  of  d»Utbution  of  dendntic  spincs^long  apical 
dendrites  and  evolution  of  |i»tribution  with  age  in  normal  and  dark-raiscd  mice,  Retonst«ictio9 
\s  based  on,  lhco;cntaI  divj/ibution«  according  to  our  mathcmattcal  model. 

it  •  > 

•the  vas^  iT/ajority|)f  synaptic  contacts  are  established  on  the  dendritic 
spines,  arid  cons^juently  these  represent  almost  the  total  postsynaptic 
appar^ti/s  of  mqtt  dendrites  in  the  cerebral  cortex.  Dendritic  spines  thus 
arc  an  eiact  in  Jrint  of  the  presynaptic  ^endrrtic  load.  Their  pattern  of. 
distribiltion,  h^nber.  and  arrangemiJnt  ^llect  precisely  the  distribution, 
,  nurnbyr.  and  ^angement  of  presynaptic  terminations.  This  interrelation* 
shiri  lyas  bccr\jlound  particulariy  advat^tageous.  in  that  qualitative  and 
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quuntitattvc  vuruttoriN  from  normal  spine  distribution  can  spccincally 
indicate  the  nature  and  time  of  visual  \ensory  deprivation,  provided  that 
the  normal  spine  frequency  and  distribution  are  known.  Because  the 
normal  >pinc  distrii>ulion  has  been  foun\|  to  be* specific  for  age,  quaiUi- 
lative  mathematical  studies  of  variations\can  be  used  to  determine  age. 

The  mathemattcal  analysis  of  biologic  processes  is  useful  insofar  as  it 
clarifies  the  functional  relationships  betwetrn  variable*^  The  results  may 
be  presented  by  equations  thai  form  a  matkemalical  model.  It  should 
be  possible  to  use  a  model^o^Ljbi^^  proclC'ss  in  interpolaimg  and  ex- 
trapolating to  obtain  unknown  values  of  variables,  Thi^^  has  been  one  of 
the  purposes  of  5ur  study  of  the  distribution  W  dendritic  spines  and  the 
evolution  of  the  distribution  with  "age  in  normal  and  dark-raised  rtiice.         .  ' 

Comparative  studies  of  the  mimmaliait  cort A  have  suggested  that  the 
brain  is  organi^ed  at  macroscopic  and  cellular  lei^cly  according  to  some  ' 
invariable  la\\s.  These  laws  may  appear  extremel>\complic^      but  they 
might  also  result  in  very  simple  patterns  of  connectivity  that  become      -  ' 
complex  in  being  K*peattAl  again  and  a'gain.  Jhe  mailicAiatical  model 
that  we  have  introduced^*** demonstrates  that  the  distribution  of  den- 
dntic  spines  along  the  apical  shafts  of  layer  V  pyramwal  cells  of  the  ^ 
area  stfiata  in  the  mousi>  follows  a  mathematical  law  il^jfined  by  Equa- 
tioiTZ.  which  is  valid  for  all  age  groups  studied.'  If  we  now  consider  that . 
every  dendntic  ^pine  supports  at  least  one  synaptic  conWetion.  it  is . 
*Vvident  that  the  patterns  iif  c^nectivU/ with  respect  to^pical  dcndrittjs 
miglU  botorgamzed  in  part  accc^^g  to4his  law.  Furthernli3re,  the  func- 
tional relationship  between ^|Irfvaliies of  the  coefficients lt\\By  and  A' 
aj;id  the  time.  7\  defined  By  Equations  3-5.  or  their  homoloteies  fpr  dark- 
raised  mice,  indicates  that  the  evolution  of  this  process  follows  particu- 
lar laws  represented  by  these  equations.'        ^  -  \ 

Vc  have  repeatedly  found  evidence  thdt  short  axon  cells  do  l^ot  con-  ^ 
nect  with  apical  dendrites  at  random,  but  according  to  the  pattern  of 
distribution  i^he  apical  d^ndriJtic  spines,"***  On  the  one  hand,  thM 
means  that  connections  may  be  established  not  by  chance  proximity, 
but  accoi^in/to -particular  ihtraneuronal  and  intemeuronal  factors  jthat 
govern  Cortioil  oiganization.  On  the  other  hand,  in  relation  to  the  di^-  '  « 

•Inbution  of  spines  along  the  apical  dendrites,  we  have  applied  prograi^i 
'  RV-6803  to  the  data  of  spine  distribution  in  man  obtained  by  Marin-  V 
Padilla^^  and*obtaincd  close  correlations  f/;  <  0.005)  with  the  thcoreticiil 
distribiUfon  formulated  by  Equation  2  in<all  his  cases.  This  is  an  imppr-  ^  .  • 
tant  observation  because  it  constitutes  evidence  that  the  distribution  of  \  " 

:  •  .  \ 
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Spines  along  the  4|>ical  dendrites  foUows  tU<same  laws  in  man  as  in  the 
y   »     mouse.        ,  . 

Our  model  has  been  used  to  predict  the  distribution  of  the  dendritic 
^  I'     spine!S^orrespondirig  to  other  ige  grpupc  hot  previously  studied,  as  well 
as  t9  find  out  the  age  of  an  experimental  animal  frqm  the  known  spine  J 
distribution.  This  last  applicatiQn  might  be  of  considerable  practical  in- 


/ 


/ 
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t^rest  in  a  wide  field  of  approaches  to  the  stu<iy  of  brain  evolution.  The 
distribution  of  the  dendritic  spines  ia  the  visual  cortex  and  its  variations 
with  the  age  and  condition  of  the  animal  have  been  foun^l  highly  specific, 
and  it  is  on  this  specificity  that  the  validity  of  the  application lesjfs.  The 
results  were  obtained  with  fairly  good  approximation.to  the  rftal  age  -  * 
ij)  <  O.OSTin  almost  all  our  exam{)les.  Obviously.,  exactness  would  be 
obtained  after  addition  of  coefficient  values  cprrcspoTidrng'to  more  age 
groups  ij  provide  margins  for  the  natural  dispersion  inherent  Tn^l  bio-* 
logic  processes.    NTv,    /  .         '      •  ,         '  ^ 

In  relation  to  spine  loss  in  enucleated  mice,  Valverde]^  ha^  stated: 

^  Minkowski's  early  observations'***  of  transneuronal  degeneration  in  (he  lateral 
geniculate  nucleus  after  eye  re^niovil,  firstrevealed  the  existence  of  a  functional  de-  ' 
pemjpoce  of  poj^t-synaptically  related  neuronal  structures,  from  their  afferent  fibers. 
TIpe  observatioRS,  which  were  later  extended  throu^  many  Well-known  studfes, 
led-to  the  general  acceptance  of  the  notion  that,  in  cases  of  close  or  ytclusive  depen- 
^  dcnc(i  the  po^st-synaptic  element  suffers  a  process  of  mild,  long  lasUng;^nd  progres- 

^  *    sive  degeneration,  which'  may  eventually  effect  a  complete  loss  of  the  4:kll. 

An  early  report  by  Donaldson '  ^  on  the  famous  Laura  D.  Bridaman's  case,  as  well 
^  as  oihej  repQrts  of  cases  of.  human  blindness,  reviewed  by  Tsang,  ^  alley d  the  exi$- 
y     tence  ef'coUical  atrophy  of  the  visual  area^  Many  of  these  studies  have  been'dis- 
credited  for  the  lack  of  adequate  controls,  but  recent  experimental  obslrvations  in 
Rodents  and  Lagomorpha2^^*-^o»^2  proved  that  removal  of  the  eye  has  significant 
*  effects  on  tfie  fiber  a«d  cell  contefit  of  the  visual  area.  The  evidence  so  far  strong^ 
suggists  that  4ransneuronal  degeneration  is  not  halted  at  the  first  post-synaptic  ele- 
^  inent,  but\miage  in  the  maiir  afferent  supply  may  sek  up  a  progressive  involvement 

-  of  successivc/ieuronal  links  of  the  sensory  neuronal  ch^in. 

Transneuronal  degeneration  appears,  however,  difficult  to  be  predicted  in  terms 
of  severity  and  time-cours«^It  depends  upon  at  least  three  main  variables:  age, 
species  differences,  and  nuclear  formiition  in  question.^'  A  quantitative  rekition 
exists  moreover  between  th5  amtjpnt  of  reduction  of  the  afferent  supply  and  the 
♦  resulting  degeneration. In  many  iiut^ances  transneuronal  effects  do^not  lead  to 

complete  degeneration  oC  the  post-syhaptic  ^Icment,  but  qnly  to  productron  of  slight 
structural  changes.  In  this  case  we  should  speak  of  transnpuronal  changes  mtici  tlAn 
degeneration  and  raise  the  question,  whether, or  not  these  changes'arc  similar  to 
^     structural  modificati^^ns  of  neurons  resulting  from  functional  demands,  . 
284      '  > 
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^  *  The  djnvnution  of  spines  observed  (ih  enucleated  animais]  iiuitht  re  ^ 
transneuroDat  change  of  tj«s  nature  whereby  functionless  or  t|epenerating  specitkT  " 
afferentji  in  layc*  IV  and  III  would  induce  the  removal  of  the  spines  attached  nor^' 
irfilly  to  these  ;^ffcrctnts.  This  assumption  is  based  further  on  the  deniunstraiion  that  « 
synapt,ii:*contaCts  arc  not  easily  broken.  Portions  of  posl-Styna|tic  structures  rtniain 
/irmly  attached  to  isolated  endings  in  damaged  tissue  or  in  centrifugated  prepara^ 
tions.'''»*^*2^  Colonnicr"'-*'  shoivcd  in  the  cortex  that  post-synaptic  membranes  ^nd 

^  ipines  attached  to  degeneratiag  terininals  are  also  phagocy tosed. 

Histologic  alterations  iri  the  corttc^l  visual  cente.rs  of  mice  raked  in  . 
complete  darkness  have  been  studied  by  Gyllcnsten  and  co-worker§,^*'^-^*; 
Xhey  found  decreased  me^n  volume  of  intarnuclcaj^material  and  nuclear 
size  at  the  age  of  I -4  moriths.  The  existence  of  a  statistically  significant '  . 
.  diminution  of  the  hiean  number  of  dendrltic'sF^nes  per  segment  in  the 
apical  shafts  of  layer  V  pyrahiidal  c^lls  of  the  visual  cortex  \f\  dark-raised 
mice  was  first  ^[eported  by  Valverde/^  Changes  in  the  morphology  of  the 
dendritic  spines  of  young  rabbits  subjected  to  visual  deprivation  (or  the 
first  30  days  of  life  have  been  described  by  Globus  and  SpheibeL'^ 
CoIemaiY  ai>d  Riesen^  showed  that  stellate  cellV  of  layer  IV  jh  the  visual 
cortex  of  cat^  jj^red  in  the  dark  have  smaller  dendritic  length  and  fewer  • 
dendrite^^than  ino^  of  normal  animals.  Ail  these  studies  point  out,  as  ^ 
-  we  have  stated     that  visual  sensory  depciVation  affects  the  fine  struc- 
ture of  thjp  Central  nervous  system  and  tHat  siome  structural'changes  in 
nerve  cells  Ynight  occur  as  th^  res|lt  of  experience.  ' 

The  problemlof  spine  functioii  has  been  discusscfl  recently  by  Scheibel  ^ 
and  Scheibel.^  The*(?urrent  point  of  view  ii  tha't  dendritic  spines  receive 
ch^tactcnsHt  signal  piatttfrns  whose  spatial  and  temporal  Integration  ^ ' 
migKt  code  sp^fically  the  function  of  each  cortical  neuron.  The  signifi-  ^ 
,  canco^the  diminution  of  the  number  of  dendritic  spines  in  some  ex- 
perimefital  situations  (e.g.,  dark-rearing  and  enucleationhhas  been  d\s<. 
cussed  elsewhere,  with*  the  spines  considered  as  structures^ fapabic  of 
re^ecling'the  functional  state  arw  the  damage  of 'their  afferent  fibers.*^^  • 
,  ine  di»*fibutjg^n  of  the  dendritic  spines  in  dark-raised  mice  reported  here 
demonstrates  that  there  is  a  more  reduced  rate  ef  spine  growth  after* 
ti^ice  open  their  eyes  for  all  the  ^ge  groups  we  have  studied.  These  '  ^    ,  . 
changes  appear  to  be  due  entirely  to  the  effects  of  light  dcprivatiorv 
^Specifically  in  the  visual  cortex;  we  repbVted  previously*^  that  no'dimi- 
^..^tion  of  spines  was  detected  in  other  cortital  areas  wheri  mice  were  f    ^  ^ 
I'eared  in  darkness.   .  ^     '  V 

there  are  two  imp6rtant  considerations.  First,  the  distribiition  of 
spines  along  the  apical  dendrites  in  dark -raised  mice  shows  mean  values 
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below  normal  for  cver>'  dendritic  segment,  but  the  characteristic  distribu- 
tion formuM'tcd  by  our  n)ath(imattcal  model  is  maintained  for  all  age 
^ouph.  Tliis  seems  to  indicate  that  the  supposed  somadenifritic  factor 
responsible  for  the  distribution  ofdejidritic  spines  is  not  affpcted  by 
visual  deprivation.  Second,  we  have  not  fourtd  evidence  of  partial  noi^ 
n)ali/dtion  of  the  number  of  spines  in  any  group  of  d^-raised  mice. 
'  (}yllensten.t7<;/     found  slight  growth  and  normalization  of  the  volume 
of  interuuclear  material  and  the  diameters  of  cell  nuclei  in  mi<?e  after  . 
long  periods  in  the  dark. 

f  inally,  wc 'cannot  yet  identify  the  intrinsic  mechanism  that  produces 
the  .diminution  of  dendritic  spines  in  dark-raised  mice.  Two  explanations 
aje  possible:  ( 1 )  visual  deprivation  has  a  transneuronaK  metabolic,  or^  ' 
^  other  deleterious  effect  on  the  spines,  so  that  some  of  ^em  would  be 
reiyoved,  and  (2)  dendritic  spines  would  not  grow  normally  in  the  ab-  • 
semr^of  normal  visual  inputs.  Whatever  the  effect  might  be,  the  theoreti- 
cal inteiest  of  our  observations  is  obvious:  they  may^give  new  clues  to  * 
the  anatomic" plasticity' of  the  brain  in  relation  to  behavioral  and  learning 
'  phenomena.     »  ^ 
<*•   '  ' 
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DISCUSSION 


DR  sptKLiNG  Do  you  think  tltaTsome  spines  are  present  at  first  and  then  rail 
off  as  the  animal  gets  older?  You  have  a  given  number  of  spines  at  one  age  and 
fewer  spines  in  the  same  position  a  httle  later.  What  happened  to  them? 

DR.  VALVERDE.  The  curvcs  actually  c;ossed'the  lasjl  part  of  the  180-day-old  dis- 
tribution. We  do  not  know  what  happened  here;  it  may  be  that  the  spines  have 
-  somehow  disappeared  w         ^    -    ,  '  *  •        •  * 

DR.Rii-iSEN.  1  might  point  out  that  theScheibe1s(Exp.*Neur6rogy  19:331-345, 
1967)  have  reported  shriveled  spines/some  of  which  thiy  believe  will  disappear.  * 

DR.  DOTY jbiat  about  the  basal  dendrites?  * 

DR.VALVE^DE^  We  havc  Completed  work  only  on  the  jipical  dendrites  and  are 
just  beginnitl^  to  work  orv  the  basal  dendrites,  as  well  a^on     dendrites  of  other 
neurons.  We  susp/ft^hat  our  model  will  fit  all  spine  distribution  in  most  den- 
drites, but  we'have  to  provp/that.  At  preknt,  we  have^ao  data  on  the  matter. 

DR.  BUSER:  1  h\i^  found  that  the^natomic  results  would  fit  some  electrophysio- 
•  logic  data  of  mine.         .    "  ^ 

pR\  LiNbSLEY:  Dir.  Valvcrde.  how  can  you  be  sure  that  these  fibers  are  from  the 
lateral  genicula}e  and  not  from  some  other  source?  ^ 

bR.  VALVERDE:  ifiVs  IS,  of  course,  very  complex  in  most  mammals.  The  cortex  of 
the  mouse  is lather  simp!:.  Fibers  entering  area  17  approaclr layer  IV  obliquely. 
T|iey  Qan  usualjy  be  f'Mlowed  long  enough  through  the  whit^  substante  to  make 
sure  (hat  (hey  do  not  come  from  neighboring  association  cells.  There  is  another 
distinction.  'Hie  fibers  coming  from  the  lateral  geniculate  nucleus  are  very  thick  «^ 
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ind  make  complex  arbon/.alions.  par(icul|rly  on  layers  IV  and  III.  Association 
fibers  are  much  thinner  and  reach  layers  II  and  III  primarily. 
DK.  DOTY  It  IS  well  known  that  the  primary  affei^ntflbers  coming  in  to  the  suiate 
in  primates  can^be  identified  on  the  basis  of  their  coming  irrm  a  slant  across  1h«  ~ 
cellular  columrM.  whereas  all  the  intercellular  arrangements  seem  to  be  directly 
pcrpeifdicutar  to  the  surface.  ^ 

Inasmuch  as  you  are  working  with  the  mathematical  treatmetil  of  your  data, 
you  can  anticipate  and  extrapolate  them  to  infinity  .^Wbat  dp  they  predict  for  a 
mouse  that  lives  forever?  And.  a  more  serious  question,  in  the  synapses  of,  say, 
the  stellate  cells  on  the  pyramidal  cells,  or  of  the  afferent  fibers  on  either  stellate 
or  pyramidal  cells,  do  the  endings  select  a  particular  portion  of  the  dendrite?  Are 
Ihcy  limited  to  only  one  portion,  or  might  an  afferent  end  on  both  the  basal  and 
the  apical  dendrites? 

DR.  VALVERDE  Functions /ftD  and  B(D,  two  potential  functions  relating  the 
coefficients  IF  and  B  of  the  principal  equation  with  the  age  T.  asymptotically 
approach  given  values,  which  we  defined  aS  IF^  and      respectively.  Conse- 
quently, the  number  of  spines  tends  to  stabilize  at  maturity. 

We  have  been  working  with  a  procedure  for  anterograde  degeneration  for  the 
tracing  of  pathways,  and  have  found,  as  on  our  Golgi  material,  that  specific  af* 
fcrents  arrive  at  the  cortex  undivided;  as  the  fibers  pass  up  to  layer  IV.  they  make 
associadons  with  apical  and  other  dendrites.  The  basal  dendrites  of  pyramidal 
cells  of  layer  V  are  below  this  level,  but  we  Relieve  that  the  basal  dendrites  of  the 
layer  III  pyramidal  colls  receive  terminals  from  the  specific  afferents.  It  is  very 
difficult,  however,  to  stain  these  specific  afferents,  and  we  have  ip  work  this  on 
hundreds  of  sections.  We  have  not'yct  observed  that  specific  afferents  select  par- 
ticular dendrite  portions.  '  i 

Dft  DOTY  What  about  the  stcllatc-cell  endings?  Do  any  of  them  end  on  both  basal 
^n^  apical  dendrites?         ^  ^  , 

DR.  y  ALVfcRDt.  Yes  Althouji  in  higher  mammals  there  would  be  more  diverse 
ty p^s  of  cells,  ift  the  mouse  we  have  found  al  feast  Uvo  definite  types.  There  is  a 
type  of^slellale  cell  with  axons  going  up  iji^'  the  superficial  layers  and  synapsing 
on  a^icals  al  the,  level  of  layers  II  and  IIL  Tlie  other  type  makes  a  very  complex 
ixoniil  arborization,  and.  in  this  case,  the  collaterals  of  the  axon  might  actually 
contact  both  basal  and  apical  dendrites  on  the  same  or  on  other  cells. 
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Early  Experience  in  the  Development 
of  Visual  Coordination 
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The  human  visual  apparatus  is  surpri>mgly  well  developed  at  birth,.and 
it  proceeds  rapidly  in  its  further  development  Within  hours  after  birth, 
the  human  infant  can  sustain  visual  fixation  on  a  stationary  target/* 
move  his^eyes  conjugately  in  the  dir^rction  of  an  invisible  audilory  slimu; 
lus.^®  make  coir.pensatory  eye  movements  in  r^jspon&e  to  movements  of 
his  head  J*  and  exhibit  nystagmus  in  response  to  moving  black  and 
wjiite  bars  of  votiouViwvidths.^*  *-'*  Within  a  few  weeks,  he  can  pursue 
rsimple  moving  tarj^6*^ith  hm  eyes.''  And  by  7  or  8  weeks,  ocular  ac- 
commodation* and  convergence^*  can  be  exhibited.  With  this  early 
motor  devclop^ci)t  of  fhe  eye.  there  is  a  coordinate  se^isory  develop- 
ment that  involves  a  remarkable  »;apacity  for  human  perception  and 
resolution. 

To  what  extent  does  experience  affect^ oculomotor  and  oculosen; 
sofy  dfevdopment  in  the  human  infan^?  For  this  large  question  we  have 
only  small  answers.ln  an  albito  inlant.  Hght  is  diffusely  scattered  ilcfos^ 
the  retina,  which  results  in4owercd  visual  acuity.  If  this  continual  scat- 
tering of  light  is  not  remedied  at  an  early  age  (for  example,  by  means  of 
an  artitlcial  pupil),  permaiujnt  ocular  nystagmus  develops.'^  Scattering 
of  light  and  obscuring  of  the  retinal  image  by  congenitaF cataracts  also 
prevent  the  normal  development  of  foveal  fixation  and  acuity,  even  after 
.  removal     \\\^  cataracts  later  in  life. 

I 
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The  aHiormal  c\pcncni;c  o>  continually  dtflusc  imagery,  as  in  albinism 
and  tongchital  calaracts.  ivbTaianlTy  severe  and  iortunatcly  rare  in  Hu- 
mans A  !cU  severe  Jind  less  rarejorm  ul'^abnormal  expenejice.is  produced 
b>'  strabismus  (!**tumed  eye**)  In  thiscondition«  the  reunal  image  of  ttic 
turned  e>e  leceives  4  continuous  floyr  of  vispjal  information  different 
Irom  thai  rkeived  by  llie  fixating  eye  Visual  deprivation  may  alfa  result 
trom  *SupptcsMon*'  ol  the  ifitjM'd  eye's  image 
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STRABtSMns  4XD  VISUAL  ACUITY 

Some  childrct  AMth  strabismus  develop jn  the  turned  eye  an  amblyopia, 
a  reduLtion  iiA visual  acuity  that  cannot  be  improvtvi  vi^ith  lenses 
attributed  lo  disease  Tfie  onset  of  strabtsmux  normally  occurs  between 
birth  and  5  or  ft  y?ar>ol  age  (it  rareiy  develops  after  these  ages),  and  it 
IS  relevant  to  Ak  :whether  the  acuity  of  an  aniblyopic  eye  »  poorer  if 
the  on^et  of  th^  strabismus  IS  earlier  or  treatmentvbcgins  later.      ,   '  ^ 
In  1903.  Claire  Worth'*  reported  on  985  children  wUhiionslant  con- 
st rgent  strabismus  whom  he  had  examined  and  follovi/ed  dunng  the 
previous  1 0  yeats  ^have'reanaly^ed  Worth's  data  and  have  displayed 
them  m  a  way  suited  to  the  present  discussion  f 

In  Figure  I ,  WprthN  data  are  presented  to  show  how  the  lime  of 
onset  of  strabisnAis  and  the  delay  in  treatment  affected  the  development 
of  acwff^  Displaced  on  the  x-axis  is  the  posttreatment  visual  acuity, 
ranging  from  20/iO  to  less  than  20/200  acuity  and  including  a  category 
for  children  who  h$x  the  ability  of  steady  monocular  fixation  Treat- 
ment ».onsisted  of  klasscs  to  neutrali/e'^the  refractive  error,  occlusion  of 
tlie  ilQrmal  eye  wiwi  a  patch  or  titropine.  orllKiplic  traimng.  and  sur« 
gery  on  the  extraoduiar  muscles. 

Of  the  children  who  had  onset  of  stiajiismus  before  1  year  of  age  and 
were  treated  immediately,  approximately  90'^  (y-axis)  ultijnately  ob- 
tained normal  visual  acuity  of  20^20  If  treatment  was  delayed  by  as 
much  as  3  months,  Aut  no  longer*  ^nly  about  60^>  or  65%  of  the  chil- 
dren ultimalel>  obt^Aned  normal  acuity  ,  If  treatme;it  was  delayed  by 
more  than  3  months!  none  of  them  obtained  norma!  acuity,  few  0% 
tamed  20/30  or- 20/40  acuity,  and  most  had  poorer  than  20/200  acuity 
or  lost  the  ability  tolfcxate  mohocularly  with  the  amblyopic  eye 

If  thv  onset  of  strabismus  was  between  1  and  3  years  of  age  and 
treatment  was  dclayeq  by  no  more  than  3  months,  about  90^?  obtained 
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nurmj?  aciiuy  {f  \u4^nent  was  delayed  by  3-1 2  monrn,  a  reasonable 
number  of  the  children  ubiiained  mtnul  ur  nearly  normal  acuity.  K 
J;\E?aimen!  yt^as  debyed  by  more  than  a  yOar,  mmi  of  tJie  children  did  • 
nol  obtain  good  vssual  acuity,  and  approximately  40%  lost  the  abiHty 
to  ob\j^  motuicular  fixation,  • 

If  strabismus  iKcurred  alter  3  yean^  ofnige  and  treatment  wa$  delayed 
h>  as  much  as  7  months,  about  SS'?^  of  tlw  children  obtained  normal  f 
acufty.  liven  if  treatment  was  delayed  fo;  4  years  and  more,  manV  chil- 
dren obtained  moderate  recovery  oT^cuiiy,  and  only  a  small  proportion 
loit  the  abihly  lo  fixate.  . 

Wbrth  s  results  show  iharnomal  Acuity  was  not  obtained  ip  ambly- 
opic eyes  if  Ueatment  was  ifcLyed  by  more  than  3  mooths  after  onset 
4i  rtic  age  of  levi  than  1  year,  by  more  than  1 2  months  after  onjet  be- 
iwVn  r  and  3  years.of  age.  or  by  more  then  4  years  after  onseliatcr 
than  3  years  of  age  Jn  short,  rectfvery  of  acuity  in  amblyopia  was  re- 
lated both  to  the  ag^^  at  onset  of  strabismus  and  lo  the  delay  of 
-treatment 

lUifortunalely,  both  Worth  and  tiii:  subsequent  editor  (Chavasse)  of 
h|s  book made  remarks  ovvr  the  years  to  suggest  to  othj^rs*'^  ^  criti- 
cal age  of  6^  years  aft  :r  which  tvcovery  of  acuity  in  amUtyopia  is  sup- 
posedly hopeless.  The  results  of  Worth's  study  do  not  supjp^rtihe  ^deg 
ot  a  .Titical  age  for  rectWery  in  amblyopia.  Worth's  experimental 
.  results  seem  lo  be  forgoltet\.  * 

Although  many  doubts  have  BecnYaised  about  the  validitf^oT 
Worth's  data,  for  the  moment  I  propose  tg^ accept  them  as  valid  and 
to  see  whether  they  support  the  notion  of  a  critical  age.  Assunting  that 
Worth  was  able  to  determine  the  age  of  onset  precisely  arid  that  th^  - 

w  of  treattnent  was  4l||itvely  independent  of  the  seventy  of  ^hc 
deJtxt.  the  data  indicate  to  me  no  specific  age  beyond  jwhich  acuity  is 
irrpcoverable  If  there* is  a  critical  age.  it  is  much  earlier  than  7  years, 
( bnsidur  Worth's  data  for  the  children  in  whom  onset  of  strabismus 
m  curr^'d  before  J  year  of  age.  If  treatment  was  delayed  by  more  than 
3  months,  practically  no  children  obtained  acuity  better  Jlian  20/200. 
To  emphasi/e  6-8  yean*  aV^cntical  age  is  dearly  misleading,  for  . 
Worth's  data  indicate  that'ereatment  begun  at  1 5  months  of  age  is  too 
latejjor  these  children. 

Since  Worth  s  early  study,  there  have  been  many  reports  of  actiity 
improvement  in  amblyopia  when  treatment  was  begun  at  ages  up  to  60. 
years.  On  the  basis  of  research  nrported  in  his  textbook  and  in  more 
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than  10  papers  on  str4bisnuis  and  aniblyopja.  Peter***  con^ludeJ 

. , ,  there  \s  no  detinue  upper  jgc  hmit  in  the  currecMon  ol  ambtyopu  Unul  the 
seventh  year,  moit  caries  can  be  rcslui<|d  id  nornjiitvi$ion\vith  proper  meifuKl^. 
.  frpm  7  iQ  1 2  the  percentage  ul*  recoveries  is  sliglilly  lower .  Irom  1 2  to  2 !  years 
the  possibilities  are      lair    . . 

In  4Xi  investigation  ol  *il  ainblyopes  over  5  years  old,  Scobeif''^  found. 

that       obtained  20  40  or  better  atuity,alterHreatment;6f  34  anibW; 

OttCJi-whose  average  age  Was  8  ytrars,  lX)wluig^  reported  that  irealmcW 

ted  to  76'/  obtaining  20/40  or  better  acuity .  Kasser  ahd'^Heldman*  • 

showed  that  31  of  34  adult  amblyopes  (ages  25-60  yeaI^)  had  impr«>ved 

acuity  in  the  amblyopic  eye  after  treatment.        ,     ^  ^ 

It  IS  relevant  to  ciK  here  three  ^cpresVntatAe  investigalors  who  have  * 

U5icd  the  Recently  developed  "pleoptics'*  for  treating  amblyopia.  Ban-  ' 

gerler.^  orij^inator  of  the  term  "pleoptics"  and  direttor  of  the  world'l 

largest  aniHIyopra  treatment  center',  has  reported  on  some  300  patients 

as  fohows  (translated  froin  thV  Cierman)    *  ^  ,  * 

»    '  '  '      •  • 

In  high  grade  amblyopia    ^  the  lew  completely  negative  casesi  s^w  limited  mainly 

tp  children  betwten  three  and  six  years  of  age  , . The  mijonfy  of  patients  who 

were  treated  wew  children  between  six  and  twelve  yeatstjf  age* but  even  among 

the  frfieen  and  sixteen  year  olds  treatment  did  not  prove  hopeless 

,  The  per^^entAge  i>r iailu/i«|.  in  middle  grade  amblyopia  is  smjil  In  cases  with  Ii>w- 

gride^anill)1yr)sa^he'tra^i^  succe>sfut  almost  witlioul  exception  Tlie  only 

fact  whii^h  dft^il^t  be  pointed  out  is  that  tt  was  possible  to  obtain  esseniiai 

fimprovcmenAn  a  relatively  largjc  number  6f  cases  beyond  iheage^ oTchjldhood 

Tomrnda'  usedpleopticKo^n  137  If  innish  amblyopes  6-16  years  old 
and  observed  that  about  60./  obtained  20/40'or  better  acuity  and  that 
about  one  third  achieved  normal  acuity.  Cttrard  etal   reported  that 
%7f  of  71  uimbtyopes  6-48  years  old  showed  rmprovement  in  ac*uity 
after  pleoptics.  58';  achieved  ^ina4  acuity  of  20,^30  or  bctier 

The  actual  success  rates  in  improving  acuity  in  older  amblyopes  are 
unimportant  here.  What  is  important  is  the  evidence  that  amblyopia 
can  be  improved  and  even  co'rrected  in  patients  older  than  8  years, 

NORMAL  DHVELOPMhNT  OF  ACUITY    •  * 

Let  us  now  consider  the  development  of  acuity  in  the  normal  infant. 
"Many  innovative  expehmcnl-?.  havi^  been  <|onc  m  the  last  several  years  to 
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determine  (or  approximate)  the  visual  acuity  of  the  human  mfant.  in 
!963,  Weymouth^'  analyzed  most  of  the  infant-acuity  data  reported  to 
•  tha(  date.  He  pointed  out  that  the  assembled  data  are  too  low,  and  that 
the  inedian  curve  (Figure  2)  fitted  to  these  data  therefore  probably' 
u«dcrcstimates  the  rapid.developmcnt  of  visual  acuity  in.  the  human 
infjnh  The  steep  initial  rise  in  the  median  (middle)  curve  shows  that  by 
I  year  of  age,  the  average  child  has  at  least  40%  of  the  acuity  he  wit! 
have  as  an  adult,  and  by  2  years  of  age,  he  has  at  least  80%  of  Ihc.acuity 
he  will  have  as  an  adult.  W^mouth  argued  that  the  90th-perccntilc 
curve  (upper)  may  actually  depict  the  average  corrected  (wil^i  lenses) 
acuity  for  children.  On  this  basis,  one  could  expect  Ihe  average  child  to 
have  developed  about  73%  of  his  adult j4icuil>  by  1  year  of  age,  and 
about  92%  of  his  adult  acuity  by  2  years  of  age.  In  any  case,  it  is  clear 
that  a  child's  visual  acuity  develops  remarkably  rapidly  and  reaches 
nearly  its  maximum  by  about  2  years  of  age^ 

Sbmewhat  related  to  our  discussron  on  the  development  of  acuity 
,  atid  afnblyopia  in  human  infants  areilhe  expwimental  results  of  Hubel . 
\  4h(i  Wiesel.*^  They  cut  loose  the  right  medial  rectus  muscle  of  four 
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kittens  between  8  and  10  days  after  birth,  thus  creating  a  right  diver- 
gent strabismus.  After  3  months  taa  year,  these  animals  exhioited  no 
behavioral  visual  defects  to  suggest  an  amblyopia  in  the  "tj^med''  eye. 
This  failure  to  develop  an  amblyopia  in  the  deviated  ey^may  have  re- 
sulted from  the  cats'  frequently  observed  fixation  with/his  eye.  In  any  » 
event,  the  only  structural  change  obtained  was  a  subst/ntial  decrease 
(by  one  fourth)  in  the  number  of  striate  cortex  c5th^at  cp\ild  be 
driven  from  input  to  both  eyes.  They  concluded  that  the  Ikck  of 
synergy  in  the  input  from  the  two*eyes-as  created  by  strabkm^s  - 
caused  a  disruption  in  tfie  neural  connections  that  subserve  binocular  / 
Interaction.  These  results  bear  more  on  the  problem  of  abnormal  Ijin-  / 
ocular  directionalization  (e.g.,  anomalous  retinal  correspondence)  than 
on  the  problem  of  amblyopia.  Othpr  experiments  by  HUbel  and  ^ 
Wiesel, in  which  one  eye  of  young  kittens  was  sutured  shut  or  / 
was  covered  with  a  translucent  occluder,  produced  marked  histologic^ 
changes  in  the  lateral  geniculate  nucleus,  physiologic  changes  in  the  , 
striate  cortex,  and  some  perceptual  impairment.  These  latter  experi- 
ihents  with  form  deprivation  in  cats  speak  more  relevantly  to  the  ^ 
problem  of  the  development  of  acuity  in  human  infants,  but  care^must 
be  taken  in  extrapolating  these  results  from  cat  to  man.    ^  / 

Several  points  emerge  from  the  preceding  discussion.  First,  tne  ocu- 
lomotor and  visuosensory  (visual  acuity)  systems  are  nearly  fi/lly  devel- 
oped in  the  human  infant  by  about  6  and  24  months,  respectively. 

Second,  embarrassment  of  information  to  one  eye  during  childhood 
can  lead  to  amblyopia.  If  the  embarrassment  occurs  during  the  devel- 
opmental period  of  visual  acuity  (birth  to  2  or  3  years),  ^hen  the  ensu- 
ing amblyopia  may  include  son.c  portion  due  to  impairjhent  of  normal 
development.  Embarrassment  after  this  period  probably  results  in  a 
genuine  loss  of  function  that  was  previously  present.  There  is  no  evi- 
dence that  6-8  years  is  a  critical  age  beyond  which  recovery  of  acuity 
in  an  amblyopic  eye  is  impossible.  On  the  contrary ,/ihere  is  consider- 
able evidence  that  many  amblyopias  can  be  improv^fed  or  corrected  in 
late  childhood  and  even  in  adulthood.  If  there  is  a  critical  age  for  the 
treatflient  of  amblyopia,  it  is  more  likely  to  be  U^Z  years  foi  children 
who  have  experienced  visuosensory  embarrassm^t  in  infancy. 

I  think  that  we  can  conclude  from  the  observations  discussed  that, 
if  it  is  considered  advisable  to  provide  suitable  yisual  experience  to  as- 
sist the  development  of  the  visual  system,  this  Experience  should  occur 
quite  eariy  in  a  child's  life  -probably  before  1  ^r  2  years  of  age. 
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DISCUSSION 


h1>r.  kagan.  In  Worth's  data^do  we  l)ave  a  problem  of  whether  the  doctor  may 
have  deci()'ed  to  treat  only  easy  cases  early?  Is  it  possible  that  the  star^of  treat- 
ment flepended  on  the  severity  of  the  strabismus?  If  he  said,  '*If  it  is  a  hard  case 
I  won't  treat  it,''  then  your  conclusion  would  not  be  possible.  '  ^ 

OR.  FLOM:  I  think  Worth  h?ii  a  predisposition  for  early  treatment  and  tried,. 
Vy.^ wherever  possible,  to  give  treatment  early.  Those  instances  Where  treatmifit'was* 
not  instituted  early  probably  resulteil'ftom  parental  npncooperation-that  is, 
^they  aid  rtot'bring  the  child  back  fq^  treatment  or  moved  aWay  and  came  back 
'  .  S^eral'years  later.  I  think  th«V^]^^   the  reason  for  d^lay^reatment,  but. 

t^ere  may  be  some  confoundiiu  onnis,.as  you  indicated.  <^  | 
DR.  K  aoaN:  In  either  casl^,  the  satnp^es  of  children  are  not  evAly  dy^tributed. 
DR.JFLOM;  To  justif^  the  concluirion  that  emerges  from  WorthJ  results,  one  must 
prmifhe  that  the  timf  of  instituting^  treatmervt'was  relatively  mdcpchdent  of  the 
severity  of  the  amblyopia.  ^  ' 

,DR.  LUDLAM:  I  think  there  may  be  an  even  greater  confotindi«g  factor:  the 
identification  of  the^ige  of  onset.  It  was  said  back'in  1896  that  one  could 
believe  almost  anything  except  the  age  of  onset,  because  mpthers  traditionally  • 
think  that^children  got  this  on  their  own,  and  not  In  association  with  the 
mothers.  There  are  all  kinds  of,emotional  situations  involved,  so  that  parents 
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traditionally  state  the  age^of  onset  of  afnblyopia  or  strabismus  as  much  later 
than  it  really  is.     ,      '    \  ^  • 

ALPERN:  WKat  if  the  evidence  that  albinos  fitted  with  artificial  pupils  at  jaJ 
early  age  develop  normal  acujty?      »  v  CT^- 

DR.  FLOMi:  I  did  not  mean  -to  suggest  that  normal  acuity  will  necessarily  develop  in 
an  albino4f  he  is  fitted  with  an  artificial  pupil  at  an  early  age.  I  was  reft^g  to 
the  work  of  I^stenbaum»  which  I  cited,  wherein  the  use  of  pinhole  spectfclis  in 
-an'  albinotic  infant  before  4  months  of  age  (the  age  at  i^ch  development  of  thf 
macuhr  area  is  normaUy  completed)  led  to  reduced  nystagmus  and  Afiprwerf  « 
aa}ity.  Meloan  hu  reported  similar,  rnufts  (Amer.  J.  Optom.  28:435-437, 
1951^).  Dr.  Mcnroe  Hirsch (Berkeley)and  Dr.  Leonard  Apt  (ucLA)have  re- 
cently collaborated  in  providing  pinhble  qmtacles  for  an  albino  infaAt,  but 
their  results  have  not  been  publidied.  Artificial-pupil  contact  lenses  (with 
opaque  iris  and  scleral  sections)  have  been  used  by  Edmunds  (Arch.  Ophthal. 
42:755-767, 1949)  to  inaease  acuity  of  older  cl\ildren  and  adults  with 
albinism. 

DR.  ALPEjiN:  The  histologic  evidence  of  albinism  is  absence  of  a  foveal  pit,  and  it 
is  surprising  to  me  th^ierely  fitting  with  an  artificial  pupil     allow  normal 
vision  to  develop.  \  - 

DR.  FLOM :  It  is  true  mH|s      been  reported  in  which  the  f6vfa ivas ill- 
formed  or  lacking,^H^absence  of  a  well-formed  fovea  i^noX  inviriable  (SL 
Duke-Elder,  ^stem^Ophthalmology.  Vol.  Ill,  Normal  and  Abnormal  Develop- 
ment, pp.  314-1190,  Pkrt  II,  Congenital  Deformities.  St.  Louis:  C.  V.  Mosby  Cci<i 
1964)^estenbaum*s  idea  is  that  the  use  of  an  artificial  pupil  in  infancy  aids  the 

.  devel(9nent  of  the  fovea  in  allnnot  {ClMcal  Methods  of  Neuw^phthdmohf^ 

.  Examination,  New  York,  Grune  and  Stratton,  j961).  Edmunds,  however,.has'  V 

.'Proposed  that  overstinulatidn  of  the  fovea  in  albinos  lead/to  atrophy  of  an  ' 
.  ;  odierwise  normal  fovea.  / 

b R .  boT  Y :  I  have  the  impression  that  Hubel  and  ^sel  did  not.get  an  irrecovern 
able  amblyopia  except  when  they  used  the  plastic  occluder  on  one  eye.  If  that  ii 
the  case,  then  there  is  some  very  important  information  here  9f  relevince  to  the 
human  situation.  If  you  produce  strabismus  in  a  cat  by  cutting  the  muscle,  (hen 
you  do  not  get  amblyopia.  But  you  do  get  amblyopia  in  the  same  species  by 
playing  with  the  process  u  it  affects  the  central  nervous  system.  This  would  tug* 
gest  that  the  amblyopia  does^not  arise  simply  from  noncongnienoe,  but  can  also 
arise  from  some  problem  in  the  lack  of  visual  acuity  itsdf.  Ate  there  any  humift 
cases  that  are  comparable  to  the  Hub^-Wiesel  situation',  in  which  the  amblyopia 
arises  from  a  purely  pl^sical  difficulty  with  the  ^riirfieral  muscks,  rather  than 
a  difficulty  in  the  cei^ral  contrcrf  inedianisms?  .  ' .  ^ 

Dr.  FLOM :  \  am  not  sure  that  the  loss  of  viuon  t^at  occurs  in  kittlrls  as  a  result 
li^t  deprivation  is  amblyopia-it  is  a  loss  of  vision.  In  a  population  jof  amblyopte 
persona,  about  one  third  will  have  strabismus  alone^  one  third  a  substantW  dif- 
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ference  in  ref/active  error  between- the  two  eyes  (anis6nietropja),and  one  third 
both  (data  to  be  published).  That  covers  approximately  99%  of  the  total  sample 
of  amblyopcs.       *  ^  . 

It  appears  that  the  !two  associated  conditions  in  amblyopia  are  a  deviant  eye» 
which  produces  a  laclc  of  syr\ergy  in  the  two'Visual  inputs,  arid  one  defocused 
retinal  image.  Each  of  these  conditions  has,  of  course,  its  counterpart  in  the 
Hubel  and  Wiesel  studies.  Defocusing  of  the  retinal  image  in  one  eye  is  anal- 

So  th^xperimental  situation  of  placing haif  a  Ping-t'ong  ball  over  the 
that  diffuse  light  but  no  image  falls  on  the  retina.  Their  experiment'? 
h  they  operated  oA  the  mei^at  rectus  muscle  is  related  to  strabismus. 
DR.  DOTY:  Not  necessarily, because  the  origin  of  that  strabismus  may  be  a  cen- 
tral defect  or  a  problem  in  neuromuscular  control. 
DR.  FLOM  r  There  are  types  of  strabismus  {hat  are  purely  peripheral  in  origin-that  ^ 

is,  they  are  due  to  abnormalities  of  the  muscles  or  ligaments. 
DR.  DOTY:  What  happens  in  those  cases?  Are  they  equally  amblyopic? 
DR.  FLOM :  I  Cannot  say.  I  do  not  thmk  anyone  has  looked  at  the  distribution  of 
'  amblyopia  in  two  different  classes  of  strabismus.  That  would  be  worth  looking  at. 


Information  Processing 

and  Experiential  Deprivation:  . 

A  Biologic  Perspective 


Man's  capability  in  the  living  world  as  a  seeker jind  user  of  information 
is  undeniably  unique.  Of  all  his  attributes  and  skills,  in  fact,  most  people 
are  likely  to  agree  that  man's  ability  to  process  information  most 
clearly  sets  him  apart  from  the  rest  of  the  animal  kingdom,  giving  par- 
ticular weight  to  language  and  other  cognitive  skills  that  no  other 
creature  can  equal.  It  i§  a  common  belief  that  the  abilities  to  speak,  to 
read,  to  plan,  and  to  cipher  ar^  distinctively  human  achievements. 

However,  even  if  we  grant  that  man  has  exceptional  talents  as^aj 
seeker  and  user  of  information,  we  must  still  conce^that' he  is 
scarcely  more  thah  an  impressive  newcomer  on  the  information- 
processing  scene.  The  need  ta  know  about  the  world  ahd  to  act  ori 

♦  information  received  are  far  otdtsr  than  man--older,  indeed,  than  be- 

•  havior  itself,  since  behavior  has  emerged  in  respoQse  to  these  demslnds. 
It  seert)s  most  likely  that  man's  achievements  in  dealing  with  infonna- 
tibn  are  built  on  ancient  foundations  that  he  shares  with  many  humbler 
types.  Accordingly,  our  appreciation  q[  the  special  skills  of  the  human^ 
organism  as  an  information-processing  system  and  our  understanding  of 
the  disabilities  to  which  this  system  is  liable  will  be  improved  if  thdy  ate 
considered  within  a  broad  biologic  perspective.  Such,  at  leaBt,  is  the 
viewpoint  of  this  presentation. 
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Other  portions  of  this  volume  deal  with  the  effects  of  experience  on 
particular  organs  a.nd  processes  in  animal  subjects.  In  contrast,  my  in- 
terest here  is  directed  toward  a  broader  set  of  questions.  The  primary 
concern  will  be  with  the  organism  as  a  whole,  viewed  as  an  information- 
processing  system.  The  thesis  to  be  developed  can  be  summarized 
briefly:  All  organisms  have  evolved  within  an  environment  that  is  stable  • 
when  viewed  broadly  and  yet  on  closer  examination  is  seen  to  be  sub- 
ject to  continuous  change.  Behavior  has  emerged  as  an  important  means 
of  detecting  and  adjusting  to  change.  To  the  extent  that  all  behavior  is 
organized  with  respect  to  environmental  regularities,  contingencies,  and 
constraints,  the  structure  of  behavior  is  necessarily  isomorphic  with  the 
structure  of  the  environment.  Fn  this  sense,  all  behavior  can  be  consid- 
ered as  a  manifestation  of  a  representational  process  (schcfna).^'Mn- 
stincts,*'  viewed  as  more  or  less  fixed  sequenccs^of  action  in  response  to 
particul^f  stimuli  (releasers),  can  be  considered  to  constitute  a  special 
case  of  such  representational  processes  or  schemata.  Schemata  are  in-^ 
herent,  species-characteristic  modes  of  organizing  experience,  but  there 
has  been  a  general  trend  in  mammalian  evolution  for  schemata  to  be- 
come more  open,  more  responsive  to  variations  in  environmental  in[^it: 
As  would  b?  expecte^,  openness  is  greatest  in  species  that  are  the  most  ^ 
accomplished  and  versatile  users  of  information,  and  it  is  those  species 
whose  behavior  most  cleariy  reflects  variations  in  individual  experience. 
In  the  more  advanced  species,  early  environmental  restriction  will  affect  t 
schemata  in  two  ways:  It  wilHmpede  their  complete  develppment  and 
claboration^^y  withholding  '"essential"  da^dr infornjation  to  which 
the  individual  (as  a  representative  of  a  particular-species)  is  selectively 
*'tuned,*'  and  it  will  lead  to  the  development  of  seemingly  aberrant  or 
distorted  schemata  that  are  actually  reflections  of  (or  isomorphic  with) 
'  the  peculiar  properties  of  the  rearing  environment. 

ORGANISM  AND  ENVIRfOfiMENT  '    %  ' 

The  basic  relationship  we  will  be  concerned  with,  of  course;  is  the  . 
relationship  between  the  organism  and  its  environment,  and  it  will  be 
helpful  to  deal  with  this  question  first  in  rather  general  terms.  This  rela- 
tionship is  obviously  fundamental-not  only  in  behavioral  research,  but 
in  the  whole  of  biology-  but  does  not  imply  that  the  more  complex  be- 
havioral attributes  of  man  can  be  reduced  to  terms  appropriate  to  a  rat 
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or  a  frog,  it  docs  imply*  however,  that  even  the  most  coAiplex  behavioral 
attributes  have  an  evolutionary  history  and  serve  a  biologic  purpose. 

Man  has  to  cope  with  the  same  inexorable  demand^s  the  monkey  or 
the  mouse-maintaining  proper  bpdy  temperature  and  oxygen  tension, 
finding  enough  to  cat,  procreatiitg,  providing  for  the  young*  These  art 
«»s  essehtial  to  our  own  survival  as  a  species  as  they  are  to  the  survij^^of 
'  any  other  biologic  grbup.  What  is  important  is  the  obvious  fact  that  all 
of  us,  man  and  animal  alike,  are  the  products  of  our  environments,  and 
we  bear  the  stamp  of  our  origins  on  every  aspect  of  our  structure  and  % 
function.  The  environment  implies  ther  kind  of  organism  that  it  can  sus-  I 
tain,  and  the  organism  implies  its  appropriate  environmeiit.'  The4nfo^. 
mation  that  an  organism  can  register  and  how  it  gets  this  information 
and  uses  it^are  determined  by  the  exigencies  and  constraints  of  the  en- 
vironment in  which  it  has  evplv^d.  One  can  look  upon  the  (^nism  as  a 
biologic  system  that  exists  foe  tht  "purpose"    achieving  a. workable  fit 
between  its  Vital  functions  and  its  enx^ronment  and  that  contii^es  to 
e?cist  because  it  fulfills  this  purpose  with  sjnie  degree  of  success.  That  is 
the  essential  idea  behind  Darwinian  fitness.  V  . 

Clearly,  however,  to  speak  of  the  environment  in  this  way -as  thougtt^ 
it  were  a  static  entifcy-is  merely  a  convenient  fiction.  As  we  all  know^, 
the  environment  is  not  a  "thing,"  but  a  process,  and  change  is  the  rule. 
No  environment  remains  the  same'for  long,  and  no  two  environments 
are  e\cer  precisely  alike!  There  are  regiflarities,  to  be  sure;  without  a  large 
measure  of  stability,  life  would  be  impossible.  But  stability  is  only  a 
matter  of  degree,  and  *Ven  in  the^st  nedriy  constant  of  environments, 
some  element  of  caprice  is  always  potentially  present.  All  successful  o^ 
ganisms  possess  some  aWlrty  to  cope  witl^  the  reality  of  change,  some 
way  of  altering  their  functions  in  accordance  with  changing  drcum- 


stances.  ^ 


The  necessity  of  coping  with  change  has  given  rise  to  countless 
evolutionary  innovations,  and  among  these,  behavior  must  certainly 
be  included  as  one  of  the  most  significant.  Its  peculiar  virtue  is  Hex- 
ibility.  "Behavior"  implies  the  capacity  to  select  from  the  total  array 
of  environmental  energies  particular  "relevant"  segments  (for  example, 
from  the  electromagnetic  spectrum),  to  encode  this  energy,  and  to  use 
the,  encoded  irfformation  as  the  basis  for  selecting  some  response.  The 
"apparatus"  of  ^^havior  thus  has  as  itjs  main  business  the  evaluation  of 
environmental  contingehcie^and  the  selection  and  elaboration  of  appro* 
priate  courses  of  action.  An  antocba's  movement  toward  li  weak  stimu- 
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lus  is  a  reaction  to  the  ''probability  "  that  ajuitable  (ood  object  will  be 
encoul^tered.^^  Likewise,  a  monkey's  leaptromene  tree  to  another 
~  impITeS  a  statist^xal  yfaith'"  in  the  weight-bearing  potential  of  tree  hmbs, 

.  the  reliability  of  distance  cues,  and  so  on.  From  Ihis  point  of  view,  all 

f4)ehavior  points  forward;  it  has  a  predictive  or  probabilistic  compo- 
nent.^*^ Even  the  simplest-behaving  organism  is  always  of  necessity 
playing  the  odds- using  information  received  to  initiate  some  program 
^  of  action  as  the  most  likely  to  result  in  success. 


^  REPJtESENTATIONAL  PROCESSES 

How  information  is  received  and  organized,  the  forni  in  which  it  is 
stored,  and  how  it  comes  to  be  tied  in  with  specific  acts  are  subject  to 
debate.  Until  recently,  the  most  heated  arguments  revolved  around 
stimuluwesponse  (s-r)  versus  cognitive  views  of  learning.  Stimulus 
response  theories  grew  out  of  reflex-arc  conceptions  of  learning,  es- 
peciattynhe  work  of  Pavlov,  whereas  cognitive  theones  are  most  heavily 
indebted  to  the  organismic  views  of  Gestalt  psychology  and  of  Piaget.  It 
"^is  becoming  clearer  every  day.  however,  that  the  issues  that  separate 
~lhose  po!^tions  are  more  often  semantic  and  methodologic  than  substan- 


live.  The  main  virtues  of  the  s-R  formyla  are  that  it  Is  simple,  explicit, 
and  easily  translated  into  operational  terms,  it  is  the  working  language 
of  the  scientist  at  his  bench.  But  no  one  could  claim  that  the  s*R  for- 
ritritrprimitive,  unadorned  form  can  handle  the  complexitijis  of 
tnteHecfual  life  in  the  more  advanced  species.  And  with  every  conces- 
sion to  that  fact -concessions  expressed  by  postulating  hypothetical 
processes  intervening  between  stimulus  and  response  the  s-R  position 
and  the  cognitive  positions  move  closer  together. 

The  sha|)e  of  the  final  rapprochement,  however,  is  not  our  concern. 
What  we  are  seeking  is  a  way  of  characterizing  the  infonnation- 
processing  activities  of  nonhuman  forms  that  seems  to  fit  the  facts.  And 
1  believe  that  we  are  constrained  by  the  evidence  now  available  to  rec- 
ognize4hat  a|l  information^processing  activities  occur  within  the  frame- 
-^4voriroi^^xislH)g  systems.  The  sequence  coQsisting  of  the  selection  of 
stimuli,  the  en^coding  and  storage  of  information,  and  the  elaboration  of 
specific  actions  is  from  beginning  to  end  a  highly  organized  process. 

How  we  refer  to  thin  process  as  instinct,  habit,  set.  expectancy, 
engrsim.  cognitive  map.  plan,  program,  or  schema  -is  determined  largely 
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by  the  complexity  of  the  phcnortcnon  being  considered,  by  our  knowl- 
edge of  its  history,  and  by  our  prdl'irence  for  "ailalytit''  as  opposed  to 
.''synthetic*'  terms.  It  boils  down  tb  a  matter  of  scope  and  personal  taste. 
The  itrm  that  will  be  used  here  is  Ischema/* 

Schemata  are  by  no^means  the  exclu^ve  property  of  more  advanced 
animals.  On  the^trary,  thejj  arc  Very  widely  distributed  within  the 
animal  kingdom.  They  play  a  major  role  in  the  performance  of  biology- 
ically  essential^tasks.  such  as  maLting,\:are  of  the  young,  ftlial  responses, 
reactions  to  predators,  and  pursuit  oAprey;  and  they  provide  the  basic  . 
groundplan  according  to  which  behavioral  develop(nent  must  proceed. 
They  are  the  major  vehicles  for  maintaining  an  acceptable  fit  between 
behavior  and  ecology.  The  evolution  olWhemata  has  occurred  within  a 
particular  array  of  environmental  energies.  They  have  been  subject  to 
the  same  kind  of  selection  pressures  as  arty  other  organismtc  functions: 
therefore,  they  necessarily  reflect  the  reglijlarities,  contingencies,  and 
constraints  that  thq^environment  imposes  .In  this  sense,  they  can  be 
regarcfed  as  functional  representations  of  twe  environmelt^ 

The  frog  waiting  patiently  for  his  supper  affords  one  example  of  such: 
an  organized  representational  process  in  one  of  the  humbler  vertebrate 
forms.  The  frog  i$  equipped  with  his  schematic  fly.  To  be  sure%  the  ^  \ 
schema  seems  primitive  by  our  standards,  because  it  is  such  a  poor  rep- 
resentation of  flies  as  we  know  them.  For  the  frog,  a  fly  is  any  small  ob- 
ject that  moves  into  its  visual  field,  no  matter  whether  it  is  edible,  and 
the  fly-catching  program  is  activated  by  that  movement.  Vnder  most 
circumstances,  such  a  progr^  accomplishes  its  purpose  effectively— 
fiying  pebbles,  after  all,  are  something  of  an  anomaly  m  the  frog's  nat- 
ural environment.  But  one  of  the  hmitations  of  the  program  is  that  it  is 
unable  to  recognize  flies  if  they  are  not  moving.  This  creates  a  problem 
for  frog  fanciers,  in  that  the  frog  can  starve  to  death  surrounded  by  im- 
mobile but  perfectly  nutritious  flies,  and  st<;ps  must  be  taken  tb  animate 
Its  diet.  The  frog  is  not  entirely  without  resources  for  modifying  its 
prey-catching  schema  in  the  face  of  new  information,  however;  if  a 
h*jry  caterpillar  is  substituted  for  the  fiy,  the  snapping  response  is  in- 
hibited after  a  few  feeding  attempts,  at  least  temporarily 

The  situation  does  npt  appear  to  be  vastJy  different  at  the  outset  for 
animals  much  closer  to  man.  The  newbyrn  monkey  begias  life  with  a 
schematic  mother,  which  is  a  far  cry  from  monkey  mothers  as  we  know 
them.  In  the  beginning,  the  defining  properties  of  Vmothcr**  are  almofedt 
entirely  tactiK  and  virtually  any  claspable  object  can  serve  as  a  mother 
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substitolc.^*  tn  ct)ntra5»t  with  ihe  frog's  schemalic tly,  hawcvcr.  the 
monkey's  primitiye  schema  undcrg#c^a  rapid  and  proga'ssivc  enrich- 
ment as  development  proceeds,  A!^  physical  attributes  and  their  arrange- 
ment in  time  and  space  become  associated  with  a  |ingle  source.  *'mother" 
emerges  is  an  entity;  she  a<?quire$  object  status.  k;/entually,  she  is  recog-. 
4iized  it  a  distance  and  from  various  angles  of  regard.  Her  distirictive 
^  jphystcal  attributes  combine  with  a  great  number  of  more  dynamic  func- 
tions that  help  to  ilenne  the  relationship  between  ^mother  and  child.  The 
growing  monlcey  ultimately  arrives  at  a  conception  of '"mother"  that  in 
subtlety  and  complexity  must  come  close  to  our  own 


PHYLOCENETIC  CONTRASTS  AND  TR^S 

If  is  clear  that,  as  species  become  more  ""intcllif^^nt/*  they  also  become  . 
toss  **instinctfve/*  The  contrast  between  the  schemata  of  th^  frog  and 
the  infant  monkey  sugg<^ts  how  this  relationship  may  have  come  about . 
Presumably,  all  schemata  are  innate  to  the  extent  that  they  exist  in 
•very  normal  individual  as,.4nherent  spircies-typical  dispositions  toward 
orpnizmg  experience  in  particular  ways.  At  the  same  time,  however. 
iiU  schemMa  jOt  probably  "open'*  m  some  degree.  Those  %hich  are  less 
open  are  susceptible  to  little  niore  than  minor  "tuning**  in  response  to 
.^ered  environmental  input,  whereas  the  more  open  schemata  are  sub- 
ject to  extensive  modification  and  may  ev^n  remain  functionally  tncom- 
;  |dete  in  the  absence  of  appropriate  input.  And.  of  course,  it  is  precisely 
'the  species  that  we  consider  most  "intelligent*'  th^ display  the  ^realest 
degree  of  openness.  ^ 

iti  other  words,  in  the  more  advanced  biologic'forms^  limited  but  5 
highly  stable  systems  for  finding,  encoding,  and  acting  on  information 
have  been  exchanged  for  increased  behavioral  plasticity.  Relatively 
'closed  and  invariant  schemata  are  highly  adaptive  in  a  stable  envfron- 
ment.  and  this  advantage  has  been  sacrifictd  to  achieve  greater  flexibil- 
ity in  adjusting  to  change.  *Mnstincts*'  (i.e..  primordial  schemata)  have 
'  not  become  lost  in  evolution,  tuit  fbey  have  become  progressively  more 
open,  and  the  result  of  this  transformation  has  given  rise  to  what  w(f 
refer  tg  as  "intelligence.*"^^-^^'^***'  The  advantages  of  this  develop- 
ment arc  obvious,  and  so  are  some  of  the  risks.  Increased  openness  of 
.  schemata  amounts  to  a  degeneration  or  dissolution  of  the  organization 
of  instinctive,  patterns,  and  this  change  will  be  adaptive  only  if  some 
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provision  is  made  for  creating  behavioral  stability  by  other  means.  And 
It  is  at  this  point,  of  course,  tl)at    improved  capacity  to  deai  with  in-  . 
formation  becomes  critical.   . ;  pv 

The  functional  changes  thaj  accoiUihy4hi»HlfIprSVcment  aie  fairly 
weil  agreed  on.  even  if  the  undcflying"tuc5lpnttms  arc  obscure,  and'  I 
describe  them  brieny,,.h6re  (for  documentaWn,  see.  e.g.,  Hw^oW 
.  Lashley."  MaierandSchneiria."  Nissen."'**  andWantn*'): 

.  Increased  sensory  differettfiatkm.  Within  any  g^vc^situation,  tKe 

range  of  effective  stimuli  inciieases.  as  does  the  abitityjo  respond  sclec- 
.  lively  to.diffeftht  patterns  or  configurations  of  stimuli.  There  is  in- 
.  creased  effectiveness  of  comNcx  perceptual  relations  (such  as  flgure- 

wound,  salience,  and  congruRy )  and  of  the  various  perceptual  illusions. 

Presumably,  the  same  process, is  also  involved  in  some  types  of  insight- 

foh  problem-solving  and  deto^*  behavior. 
Increased  responsiveness  IQ  stimulus  change  This  is  expressed  in  the 

elaboration  of  attcntional  mechanisms  (onenting  reflexes,  scanning,  ob* 
*  serving  responses,  visual  curiosity)  and  in  the  tendency  to  respond  to 

novel  sbmuH  with  a  wide  range  of  «palial  adjustments  resulting  in  ajh 

prqach  (exploration,  manipulation,  play,  aggression)  or  withdrawal  ' 
.    «  Himidity.  fear  of  novelty,  flight). 

Increased  ability  for  sensory  integration.  This  is  expressed  in  im-' 
proved  capabilities  forjir.king  together  mlbrmation  from  (lifferer.t » 
modalities,  or  from  the  same  modality  at  different  times,  for  abstract- 
•  gencrahzing.  and  elaborating  rules  and  strategies  on 'the  basis  of 

.  .  Experience. 

.     •     Increased  differentiation  of  motor  acts  Motor  patterns  become 
more  highly  differentiated  and  particulate,  (e.g.,  ability  to  move  each 
digit  independently  versus  opening  and  cfosing  hana  as  a^^whole)  and  o 
^  motor  sequences  become  "luoscr"  <e.g  .  abihty  to  locomote  using  a 

•   .  variety  of  postures  ami  pits). 

Ilic  organism  that  emerges  from  such  ^oiutionary  developments 
embodies  a  superior  information-processing  system  It  is  better  equipped 
I    to  select  and  analyze  current  information  from  the  environmcnt^o  in- 
tcgrale  it  with  previous  informalion,  and  to  elaborate  a  plan  of  action. 
,    -%id  U  has  the  motor  refinements  to  translate  this  plan  into  concrete 
*  j    aJhicvemenls.  Such  an  organism  is  opportunistic  and  stimulus-seeking. 
,  Us  behavior  has  become  something  more  than  a  mechanism  for  dealing 
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with  imposed  changes ?h  environmental  mput.  Behavior  now  has  the  •  • 
additional  role  of  creating  variable  input,  which  \i  ordered  and  organ-  ^ 
tzed  as  it  comes  in.  The  cumulative  effect  of  the  information  it  receives 
is  the  development,  enrichment, ^^nd  elaboration  of  schemata.  The  es- 
^ntiai  framework  for  this  development  is  present  from  the  outset. 

If  4his  View  is  correct  if  it  is  true  that  pnmitive  schemata  provide  the  ' 
Y    c  framework  within  which  and  op  which  expen^nce  operates  -  then 
the  deprivation  experiment  can  be  viewed  as  one  method  for  investigate  . 
ing  this  framework.  Withholding  information  early  m  Hfe  does  not  elim- 
inate tlje  framework  or  necessarily  prevent  its  subsequent  elaboration.  / 
Schemalalhay  continue  to  develop  under  conditions  in  which  the  impc*- 
tus  and  constraints  that  influence  normal  development  are  changed 
radically.  Tlie  result  is  nor  beliavioral  disorganM^tion.  but  a  form  of 
organization  that  reflcciv  ihc  particular  ctrcuipstances  of  the  rearing 
environment.' 


EFFECTS  OF  DEPRU  A  TKhS  , 

The  implication%  of  this  \iicw  will  become  clearer  when  we  consider  the 
effects  ot  depnvation  on  bch  wlo^at  development  Particular  attention 
will  be  given  to  re>earch  m  which  animal  subjects,  chiefly  monkeys  and 
apes,  are  rinsed  under  conditions  of  general  environmental  restriction.  It 
IS  important  to  recognue  that  we  will  be  dealing  with  a  form  of  depriva- 
tion that  IS  not  limited  to  a  particular  sensory  modality*  but  with  a  rad- 
ical distortion  in  normal  ecology.  The  animal  is  removed  from  its  mother 
'at  birth  and  raised  alont^  in  a  cage  that  permits  it  to  see  ihe  nursery 
environment  and  other  individuals  or  irt  an  enclosed  cajsie.that  curtails 
even  that  Kind  of  sthnulation.  If  we  compare  the  rearing  environment  of 
such  an  animal  with  that  of  an  indtvaduni  |!rowing  up  in  the.  wild,  the  dif* 
ferenci's  are  enormous  Obviously,  such  deprivation  cuts  across'the  en- 
tire spectmm  of  normal  environmental  jnput 

As  expected,  the  behayioral  consequences  of  suth  a  distortion  are 
ma!!isive  and  widespread  Indeed,  a  primary  purpose  of  much  of  the 
work  that  has  been  done  thus  far  was  to  sort  out  the  damage  The  aim 
has  been  to  provide  a  general  oveiiifiew  ot  the  range  of  behaviors  that 
are  affected  and  to  map  out  some  of  the  more  obvious  relationships  be- 
tween rearing  condilums  and  devclopmeiil.  The  emphai»is  has  been 
problem-oriented  and  descriptive,  rather  than  process-oriented  and 
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analytic.  Because  of  this  emphasis,  we  fmve  not  gpne  very  far  toward  a 
precise  uncjprstanding  of  the  sources  and  nature  of  specific  psychologic 
disabilities.  But  we  are  gaining  a  clearer  vie^^of  nonhuman  organisms  as 
^  information-processing  systems  and  of  the  effi^fTofenvironmental  con- 
'  ditions  on  the  development  and  functioning  of  these  systems. 

It  has  become  clear,  for  example,  that  e^jplf  restrictions  on  experi- 
ence produce  a  predictable  syndrome  of  effects  whose  major  elements 
have  been'descVibecil  for  rats,  guinea  pigs,  cats,  dogs»  monkeyr--all  mam- 
mals, in  fact,  that  have  been  examined.  The  deprivation  syndrome  in^ 
cluc^siiot  only  deficiencies  (functional  **gaps"  in  the  behavioral  reper- 
toire of  deprived  animals),  but  aberrations,  behaviors  that  are  rtot  seen 
in  nondepjnjved  animals.  There  is  thus  the  suggestion  of  a  common  mam- 
maltan  response  to  restricted  environmental  input  that  transcends  dif- 
>  fcrences  among  species  and  minor  variations  in  rearing  conditions. 
Moreover,  there  is  the  implication  that  developing  mammals  have 
similar  requirements  for  information  and  similar  propensities  for 
processing  information;  animals  display  not  onJy  similar  deficiencies, 
but  also.similar  aberrations,  when  information  is  withheld. 

It  has  also  become  clear  as  the  result  of  recent  research  that  variations 
within  the  broad  framework  of  the  deprivation  syndrome  tend  to  fol- 
low phylctic  lines.  An  animal  does  not  abandon  its  specie»*typical 
modes  of  processing  information,  even  under  extreme  conditions.  In 
general,  one  can  say  that  the  closer  the  phyletic  affinity  between  two 
^      *  individuals,  the  greater  the  likelihood  that  they  will  resemble  each  other 
in  their  specific  behavioral  reactions  to  deprivation,  even  when  the  reac- 
tions are  apl)arently  maladaptive  and  are  qualitatively  distinct  from  be->w 
haviors  shown  by  nondeprived  members  pf  the  species.  Such  species- 
typical  variations  within  the  deprivation  syndrome  provide  strong 
support  for  the  view  that  the  selection  and  processing  of  input  occurs 
within  the  framework  of  existing  semiautonomous  systenis. 

Sterei^ typed  Motor  Acts 

The  interplay  between  environmental  input  and  intrinsic  schemata  dm 
be  illustrated  by  the  stereotyped  motor  acts  that  develop  in  nonhuman 
*  primates  raised  apart  from  their  mothers.  The  most  prominent  of  these 
acts  are  nonnutritivc  sucking,  self-clasping,  and  bpdy  rocking  (for  re- 
view sec  Berkson^ ).  An  infant  monkey  or  ape  raised  alone  in  a  bare  * 
cage  fails  to  encounter  normal  outlets  for  clinging  and  sucking  and 
^         hence  comes  to  direct  these  responses  toward  itself.  In  a  limitl^d  scftie, 
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I  it  dcvitlops/its  matemai  schema  out  of  the  most  accessible  and  appro- 


'Vypriate  material  that  rs  available,  which  happens  to  be  its  own  body. 
•'^  *  This  interpretation  is  plausible  for  thumb-sucking  and  ^If-clasping, 

botb  of  which  have  normal  counterparts  in  patterns  that  are  directed  • 
toward  the  natural  mother.  The  third  patlern,  stereotyped  rocking,  has  . 
no  obvious.paraHcl  in  the  normal  mother-infant  relationship^  but  We 
have  recently  obtained  presumptive  evidence  that  it.  too.  can'bc  con-  • 
sidcred  a  "substitute"  response  to  the  deprivation  of  stimuli  x)rdinarily 
provided  by  the  mother.  If  infant  rhesus  monkeys  arc  raised  witfh  sta- 
tionary'^arrogates  of  the  sort  used  by  Hariow,  most  will  develop  stereo- 
•typcd  rocking    a  habtfuai  pattern.  If  they  arc  rai^d  with  the  same  de- 
vice, except  that  ft  is  motorized  to  mdvt  up.  down,  and  around  within 
the  cage,  stereotyped  rocking  does  not  develop,  presumably  because  the  ^ 
robot  surrogate  simulates  the  kind' oY  input  that  the  jiatural  mother  pro- 
vides as-shfejiarfies  the  infant  about.  In  other  words,  I  am  suggesting* 
.  that  stereotyped  rocking  of  the  rhesus  monlcey  is  a  manifestatipn  of  a 
primitive  sdhema  wcrtking  itself  oUt  on  the  basis  of  rpduced.  environ- 
mental input.  '  -  •  •  ,      w    •  > 
."^  The  organizing  effects  of  intrinsic  schemafa  on  motor  pattern^Tare  , 
evident  not  only  in  thaearly  stagesof' postnatal  life.^yt  throughout 
devefopmtnt.  Isolation-reared  monkeys  cfisplay  self-biting  and  self-  • 
slimy^lation  of  the  genitals,  and  these  self-directed  behaviors  become 
progressively  mOrl  frequent  as  the  animals  enter  ad(Jl«sccncc.  the  pe- 
^  nod  in  which  social  aggression  and  sexual  interaction  assume  prominence 
;  jn  nondepriVed  mon4ceys.*  The  most  compelling  evidence  of  the  Ruiding 

rple  of  schemata  in  later  development.  4iowever.  is  provided  not  by  ex- 
.  *pericntialljlHieprivcd  animals.  but  by  a  mother-reared  monkey  that  was 
deprived  of  normal  effector  mechanisms  as  the  result  of  a  congenital* 
•malformation.  An  infant  rhesus  mdhkey  with  a  thalidomide-induced  de- 
formity of  y|e  forelimte  not  only  walked  bipeSally.  a  behavior  that  is* 
infrequent  jln  normal  animals  but  can  Oe  seen  on  occasion,  but  used  its 
feet  to  groom  its  mother-  a  pattern  that  to  my  knowledge  has  never 
^  been  observed  in  an  intact  monkey,  an  ''invention**  in  response  to  very\ 
special  circumstances.^^  ^  •  ^  • 

Arousal  Effects      .  ' 

•Another  reliable  consequence  of  early  environmental  restriction  is  a 
tendency  toward  fearfulnes^  or  heightened  emotionality,  the  behav- 
ioral *»xpression^  of  this  effect  ^re  varied  and  depend  on  the  particular  * ' 
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species  and  the 'situation  in  which  the  animal  is  observed.  Motor  dis-- 
charge  may  take  an  exaggerated  form,  as  in  seizures,  tics,  whirling  fits, 
or  frantic  running;.or  it  may  be  minimal,  as  in  crouching,  freezing,  or 
falling  into  syncope  of  iileep.  The  general  picture  is  one  bf  befapvioral 
disorganization  or  the  activation  of  organized  pattemMhat  al|  inappro- 
priate to  the  situation^ 

What  is  the  source  of  these  extreme  emotionil  behaviors,  and  what 
implications  do  they  suggest  for  the  information*processing  activities 
of  deprived  animals?  The  immediate  source,  it  would  seem,  is  iny  large 
increase  in  stimulation  over  that  to  which  the  animal  is  accutto|ned,' 
and  the  range  6f  stimulation  to  which  the  depnved  animal  it  accus- 
tomed is,  by  defmition,  narrow.  Seizures,  tics»  and  freezing  are  most  . 
likely  to  occur  in  response  to  novelty  or  change,  presumably  b^ause 
an  isolation«reared  animal  is  overwhelmed  by  the  sudden  increase  in 
stimulation  and  has  no  other  means  of  coping  with  it. 

Plausible  as  this  explanation  may  seem,  however,  it  does  not  go  far 
.   enough.  In  many  experiments,  the  test  situation  is  a^so  new  to  the  con- 
trols,  and  initially  they  do  indeed  show  some  signs  of  fe^r.  But  they  are 
not  overwhelmed;  their  reaction  is  less  intent  than  that  6t  isolation-  . 
ixared  animals,  and  it  diminishes  more  rapidly.  A  deprived  ^imal's 
response  is  often  entirely  out  of  line  with  the  degree  of  novet|y  or 
'  change.  For  example,  a  chin||ahzee  raised  in  an  enclosed  cubicle  may  • 
wait  many  days  before.it  mj||ps  its  first  hesitant  contact  with  a  small  ^ 
.  and  entirely  innoc^Qus  ^ject,  such  as  a  matchbox  or  a  block  of  wood. 
,  If  one  ^erc  tQ  take  every  precaution  to  ensure  that  **novelty"  w^rc^ 
equivalent  for  wild-bom  and  restricted  animal^,  as  by  constructing  aif  ; 
object  from  exotic  materials,  there  is  no/eason  to  doubt  that  the  wildn 
born  animals  would  sU|l  contact  it  sooner  than  the  restricted  chim- 
panzees.^^ The  poinUs  that  we  need  know  only  that  one  animal  was 
raised  in  {.eolation  and  another  was  not  to  predict  how  their  reactions 
will  differloward  aoy  small  inanimate  object.  A  detailed  knowledge  of  % 
their  individoaf  hi^tlgries  isnot  iiece^isarv  jndjp  fact  would  probably  add 
viry  little  40  the*^accun^cy  of  {)redictiojn.  Knowing  whether  or  not  a  spe* 
cific  object  has  been  ehcouhtered  previously  is  less  important  than 
'  knowing  that  there  have  been  manj^such  encounters  in  the  past.  It  is  a 
question  not  of  whether  an  object  is  more  novel  to  one  animal  than  to 
the  other,  but  of  the  kinds  of  reactions  tha^  novelty  produces. 

A  deprived  organism  is  ill*equipped  to  deal  with  unfamiliar  inpyt,  ^ 
with  complexity,  and 'Wk^  change.  It  is  defici^t  in  ability  to  assimilate 


72 


3ia 


Information  Processing  and  Experiential  Deprivation 


So 


ne^  Anformation,  an  ability  that  a  normal  animal  has  been  exercising,  al-      ,       -   t    « ^ 
most  continuously  from  early  infancy.  Excessive  arousal  in  response  to  ^ 
<«^ovelty  or  change  can  thus  be  cor  sidered  the  result  of  a  breakdown  in  the  ' 
,  processing  of  information.  It  causc^i>/^ an  overload  on  a  system  whos<;<^   ;  r 
(ievelopment  has  l^en  curtailed  by  restrictions  oa  early  experience.  j^-Hi*.  ^ 

A  similar  view  has  bden  advanced  Jby  Melzack  and  co-workers'.  ^'^^ 
They  propose  a  neurologic  m6del  in  which  sensory  input  is  conceived 
^  a^a  two-part  process.  Melzack  t^lieves  that  neurophysiologic  data  points 
to  tVo  classes  of  affermt  fibers  that  can  be  distinguished  on* the  basis  of  ,  . 

conduction  rates.  Th?  fast  afferent  fibers  are  believed  to  activate  central  ^ 
nervous  system  processes  (phase  sec^iy^nces)  subserving  memory,  atten- 
tion, and  similar  functiqns.  When  Activated,  these  processes  cause  a  feed- 
back to  lower  synaptic  levels,  where  they  can  inhibit,  facilitate  ^r  other- 
vidse  modify  the  input  patterns  of  the  more  slowly  conducting  afferent  _ 
fibers;  in  this  fashion,  they  exert  active  control  over  the  selection  of  in- 
formation. As  the  result  of  sensory  restriction,  the  development  of 
j4liese  central  nervous  system  processes  is  impaired.  The  selection  of  rel- 
evant information  ana  the  filtering  out  of  irrelevant  information  are  ^ 
fauU^^  and  the  loss  of  filtering  leads  to  diffuse  bombardment  of  the 
central  nervous  system,  on^consequence  of  which  is  excessive  arousal. 
This  state  of  affairs  can  trap  a  deprived  animal  in  a^icious  circle.  Lack 
of  experience  epgenden^cessive  arousal,  and  excessive  arousal  dis- 
,iupts  the  activities  of  thfe  very  mechanisms  in  the  central  nerv^^s  system 
whose  further  development  is  required  for  orderiy  and  efficient  pro- 
^cessing  of  informatiofi.  To  return  to  the  terminology  of  earlier  sections, 
4n  advanced  organism  that  has  been  ablejto  develop  qn)y  a  limited  num- 
'  '6er  and  variety  of  environmental  schemata  because  of  restrictions  on 
urly  experience  may  be  hindered     excessive  arousal  from  overcom- 
ing this  deficiency  in  later  life,  even  when  adequate  environmental  (Op- 
portunities are  provided.  . 

Recent  experience  leaves  no  serious  doubt  that  this  is  a  real  pgssibil- 
ity.  THe  heightened  eniQttonal  responsiveness  of  the  expeiientially  de^ 
^  prived  animal  is,  for  alt  practical  purposes,  a  ()efsistent  disability,  It  can 
be  ameliorated  by  subsequent  treatment,  to  be  Sure,' '  but  it  can  prob- 
ably neyer  be  entirely  overcome.  The  electroencephalograms  of  isolation- 
leafed  dogs  show  evidence  of  high  arousal  for  at  least  6  months;  after 
'  they  are  reli^ased  from  restriction,  and  behaviorafindis^tions  of  in- 
creased^rousal  persist  in  monkeys  and  apes  throughout  years  of  ex- 
posure ^the  normal^laboratory  environment. 
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.  t  .  '        Basic  Cognitive  Skilh^      >  .  -     ^    /  ^ 

Ccitainljr  the  strongest  suppott  for  the  thesis  thai  hi^  arousal  exerts  a 
^  disruptive  effect  on  information  gmcessing.  is  the  poor  performance  ot 

}/    ,  -  ^    iTpstrktcd" ammals  on Je'artring  ti^nsob^^^  ut  infeobr;to 

'l^ ,     "  coitfrdh  oit^atiRliQ^  'dcIayeA-rtS^se^ 

^  which  an  animal  is  *|Wh  foiwi  and  fcgdireia  to  Ibqil*  it  after  art  im-  ^ 
'   .     ColsieddeUy),  andontherev<^;6^ap^ 
; : ,  ; ,  titfn  re^poi^^ih  which  in  animal  ipiust  sclccVa  previously  uim^a^d^ 

cue),"'^*'*2  They  arc  also  sfower  to  ^intiibit  a  response  that  no  longer 
^ leads  to  reward.^* 

>  V,  _  Similar  data  liave  been.reported  for  chimpanzees.  Davenport  and 

.         Rogers*  investigated  delayed-response  performance  in  animals  raised  ill' 
• '  isolation  for  the  first  2  years  of  life.  The  chimpanzees  were  7-9  yeab 

old  at  the  time  of  testing  and  thus  had  exposure  of  at  least  5  years  to 
*  *-  the  normal  laboratory  environment,  including  exVerien<^  in  group 

living.  Although  one  might  assume  that  this  intervening  experience 
('\  would  be  sufficient  to  overcome  any  early  cc^itive  deficits,  the  re» 

suits  quite  clearly  show  otherwise,  ^t  all  levels  of  delay,  the  p$rfo^ 
mance  of  the  restricted  chimpanze^  was  markedly  infericM-  to  that  of 
wild-bom  animals,  and  the  differences  on  the  longer  delays  persisted 
throughout  testing.  Data  on  response  latencies  strongly  suggest  that 
attentional  factors  were  important:  At  the  logger  intervals  especially, 
the  restricted  animals  were  slow  to  respond  at  the  e^d^ofthe  delay 
period,  suggesting 4hat  they  had  difficulty  maintaining  a  consistent 
orientation  toward  the  relevant  aspects  of  the  experimental  task.  * 

The  same  subjects  were  also  compared  on  a  discrimination  task.'' 
The  procedure  followed  the  learning-set  paradigm  dfeveloped  by 
Hariow,  '*  in  which  a  series  of  t  woobject  discrimination  problems 
is  presented,  ^ach  problem  for  a  fixed  number  of  trials.  As  Harlow 
showed,  th?  facility  with  which  such  problems  are  solved*  impKiives 
- !  witTr experience,  ^P" eventually  the  more  proficient  animals  %it 
'f     capable  of  near-jiirfect  performance  on  the  basis  of  a  single  infonAa- 
tipn  trial.  This  ability  is  attrib^ted  to  the  formation  of  a  ''discrimina- 
tion learning-set Til?  chimpanzees  were  trained  orr  a  total  of  438 
"  four-tri«f  ofcgecl-discriminatibn  problems.  Although  both  groups 
showed  unequivocal  evidence  of  developing  learning-sets,  the  restricted 
group  was  inferior  to  the  wild^born  group.  A  significant  factor  in  this 
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^inferiority  was  the,tendency  to  persevere  in  the  selection  of  a  previously 
linrewfrded  obgect. 

Contrasting  i^lts  have  been  obtained  from  similar  tests  performed 
with  rhesus  monkeys.  Harlow  and  associates  report  no  differences  in 
4clayed-response  or  leai:glj:^-«^t  performance  between  monkeys  raised 
^m  birth  \nS^et^yip^»^%  and  monkeys  raised  as  total  isolates  for 
ttie  fint.ior  l^^Tibnthsof  life.'^*^  It  should  be  emphasized/howevef, 
that  afh^h^DYdinlcey  groups  were  bom  and  bred  in  laboratory  cages  (in 
contrast  With  Vt^n/tam^^xittt  st^idy^  wHieh  included  a  wild-bqm  con- 
tfbl  grou|^)^hd  it  may  be  supposed  that  none  of  the  rearing  conditions 
was  sufficientTy  ;'enricHedr  to  provide  for  full  intellectual  growth. 

This  possibOity  seems  most  likely  in  the  light  of  recent  findings 
obtained  at  the  Delta  Center  by  Mr.  Paul  Anastasiou.  Two  laboratory* 
seared  grouj^s  of  adolescent  rhesus  monkeys  (raised  witjt  moving  and 
stationary  surrogates),  ah  adolescent  jungle-bom  group,  and  an  adult 
Jungle-5om  ^roup  were  tested  on  40  different  tasks.  The  problems 
were  designed  to  assess  a  variety  of  cognitive  skills,  ranging  from  rela- 
tively simple  and  straightforward  visual  search  to  solution  of  complex 
pdfzle  devices.  The  results  demonstrate  that  both  wild-b|m  groups 
were  unequivocally  superior  to  either  labonttory  group;  indeed,  the 
best  of  the  14  laboratory-reared  subjects  was  essentially  no  better  than 
the  worst  of  13  wild-bom  monkeys. 

Fuller,  on  the  basis  of  his  studies  of  dogs,  considers  that  ''behavioral 
deficits  following  isolation  result  liiore  from  competing  emdtional  re- 
sponses than  from  failure  of  behavioral  organization  ^uring  isolation  or 
from  loss  of  established  patterns.'"''  Although  heightened  arousal  prob-' 
ably  played  a  significant  part  irt  the  performance  deficits  that  have  been 
considered  here,  it  is  well  to  keep  in  mind  that  its  precise  role  remains 
to  be  established.  Furthermore,  whatever  its  rofe,  it  is  likely  that  arousal 
level  is  only  one  of  several  factors  that  affect  the  performance  of 
isolation-reared  animals.  Fof'example,1hefe  is' convincing  evidence 
that  some  deficiencies  are  the  result  of  withholding  specific  learning 
opportunities  or  classes  of  information. 

Specific  Functional  Relations 

It  is  by  now  firmly  established  that  some  level  of  stimulation  is  required 
for  the  full  structural  and  functional  development  of  the  peripheral  re- 
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cept{)»Md  thetr  ass(^ated  neural  systems.  This  question  is  fully  re*^ 

fwed  elsewhere  in  this  volume  and  will  not  be  pursued^h^.  The*] 
ent  concern  is  with  an  oiganism  that  may  be  assumed  tp  have  had  a 
suirflcient  variety  and  amount  of  visual  and  auditory  stimulation  to  pie^ 
elude  gross  neuropaHiology  and  to  have  had  the  opportunity  to  form 
basic  sensorimotor  coordinations  of  thfe  sort  investigated  by  Held  and 
co-workers.  ^^'^  Given  such  an  organism,  we  are  concerned  with  the  ex- 
tent to  which  its  ability  to  process  informatipn  is  influenced  by  specific 
input  features  of  the  rearing  environment.  How  clearly  is  information 
received  (or  withheld)  early  in  life  reflected  in  later  behavioral 
capabilities? 

Somi^  of  the  flrst  evidence  suggesting  a  rather  close  correspondence 
between  early  information 'input  and  later  performance  was  obtained 
with  rats.  Animals  raised  in  cages  with  triangles  and  circles  on  the  walls 
were  shown  to  be  superior  to  controls  in  learning  to  discriminate  be* 
ti^een  these  forms  as  adults.    This  superiority 'was  maintained  (and  in 
some  experiments  even  enhanced)  if  the  test  stimuli  departed  slightly 
from  those  to  which  the  animal  was  exposed  in  its  living  cage.  Transfer 
effects  were  no  longer  obtained,  however,  when  the  differences  be* 
tween  the*  familiar  stimuli  and  the  test  patterns  were  extreme.'* It 
thus  seems  clear  that  '^casual''  exposure  to  specific  shapes  during  the 
rearing  period  will  not  only  facilitate  recognition  of  these  pattems^vhen 
they  are  later  encountered  in  a  discrimination-learning  test,  but  will  also 
lead  to  the  establishment  of  some  form  of  generalization  ''gradient.**  It 
becomes  easier  to  recognize  new  stimuli  that  merely  resemble  the 
famitiar  pattern. 

The  range  of  stimUli  that  are  responded  to  as  equivalent  might  be 
expected  te  depend  on  eariy  expeijence.  This  question  has  recently 
beenmviewed  by  Ganz.^^  Ganz  distinguishes  between  the  neural  or-  t 
gantzation  of  information  and  the  control  that  information  exerts  over 
behavior.  On  the  basis  of  his  own  careful  studies  of  hue  generalization 
in  light-deprived  monkeys  and  the  work  of  other  investigators,  he  con- 
cludes that  some  organization  is  innately  imposed  on  stimulus  input. 
The  scaling  of  sensory  dimensions  occurs  before  any  stimulus  experi- 
ence. This  is  inferred  from  the  finding  that  an  animal  that  has  been  ex- 
posed to  only  one  hue  value  will  resj^ond  to  it  on  stimulus^ eneraliza- 
tion  tests  more  than  to  other  hut  values.  But  the  generalization  gradient 
is  ''flat'';  the^ responses  to  the"  familiar  hMe  and  to  the  test  stimuli  are 
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similar.  This  is  viewed  as  evidence  that  the  dimension  as  a  whole  has  not 
developed  effective  control  over  behavior. 

'  How  is  such  control  acquired?  Ganz  argues  that  controji  is  achieved 
ihrough  a  history  of  uifferentiat  reinforcement  within  the  appropriate 
itiinulus^dimension.  Thus,  an  Minimal  must  experience  reward  in  the 
presence  of  one  vaiue  6f  the  hue  dimension  and  the  absence  of  reward 
in  the  presence  of  a  different  value  of  the  same  dimension.  As  the  result 
of  such  experience,  the  generalization  gradient  becomes  steeper;  the  ani- 
mal differentiates  more  sharply  between  the  familiar  stimulus  and  the 
test  stimuli.  Differential  reinforcement  does  not  merely  strengthen  the 
response  to  one  value  and  weaken  the  response  to  another,  however; 
it  also  increases  the  relevance  or  salience  of  the  entire  stimulus  dimen- 
sion. A  further  long-term  result  of  experience  is  that  different  cues  be- 
come functionally  related  or  the  same  cue  becomes  effective  accoss  dif- 

"^ferent  conditions  (for  example,  by  being  presented  now  to  one  eye,  now 
to  the  other,  or  by  being  viewed  from  different  angles  of  regard).  Even- 
tually, this  leads  to  the  development  of  functional  equivalence  within 
and  across  cues,  expressed  in  equivalent  responses  (''recognition**),  in 
spite  of  changes  in^conditions  of  presentation  and  the  specific  receptor 
surfaces  that  are  stimulated. 

Ganz-'s  conceptual  approach  developed  out  of  lesearch  on  animals 

>  raised  under  conditions  of  highly  restricted  visual  input^  which,  strictly 
speaking,  are  outside  the  population  that  we  are  most  concerned  with 
here.  Neverihele^,  I  liave  discussed  his  position  in  some  detail  because 
it  very  clearly  illustrates  the  com(jle3(ities  that  are  encountered  in  any  ^ 
systematic  effort  to  tease  out  the  subtle  interplay  between  experience 
aifd  mnatc  organization  in  the  development  of  schemata  by  aclvanced 
organisms.' As  far  as  functional  outcomes  are  concerned,  the  interpene- 
tratton  of  ''^'iature**  and  '^nurture*'  is,  for  all  practical  purposes,  com- 
plete. Learning  plays  an  essential  part  in  development.  But  most  Ic^jm- 
ing  occurs  within  the  framework  of  existing  schemata.  It  receives 
guidance  from  these  structures  and  is  a  primary  agent  in  th«ir  trans- 
formation from  phylogenetic  ''plans**unto  adaptive  functional  systems. 
According  to  this  view,  one  might  speculate  th^at  the  learning'^rocess 
.evolved  as  handmaiden  of  the  instincts  and  that,  even  in  the  most 
advanced  organisms  (by  which  we  mean  ourselves,  of  course),  it  has 
not  yet  achieved  full  emancipation  from  this  ancient  position  of 
subservience. 
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Much  of  the  evidence  that  has  led  me  to  this  view  has  come  out  of 
deprivation  experiments  with  nonhuman  primates.  Some  of  the  jleficits 
point  rather  clearty  to  inadequate  opportunities  for  spiecific  forms  of 
learning  in  the  rearing  environment.  Such  deficits  fall  into  two  broad 
classes:  defective  integration  of  sensorimotor  patterns  and  deficiencies 
^in  signal  functions.  Examples  of  both'types  of  deficit  can  be  found  in 
the  social  behavior  of  deprived  animals. 

The  sexual  performance  of  socially  deprived  male  rhesu^^monkeys 
suggests  a  failure  in  sensorimotor  integration*^  Most  of  the  compohenti 
of  the  complete  act-penile  erection,  clasping  with  the  hands,  clasping 
with  the  feet,  thrusting-are  present,  but  they  are  so  pooriy  integrated 
that  intromission  is  all  but  infipossible.  Qearly,  the  rearing  environment 
has*  failed  to  provide  the  opportunity  to  form  these  components  into  an 
effective  pattern.  Accordingly,  given  a  suitable  environmental  stricture 

;  for  rehearsal  and  appropriate  instigation  (and  both  conditions  might  be 
, :  met  with  a  suiubty  designed  inanimate  model),  one  would  anticipate 

^  that  the  laboratory-reared  animal  would  show  a  gradual  progression 
toward  the  smoothly  coordinated  pattern  seen  in  normally  socialized 
adult  males.  Inasmuch  as  the  normal  pattern  is  not  present  in  deprived 
males,  it  seems  reasonable  to  infer  that  learning  ij  a  factor  in  its  develop- 
ment. Insofar  as  the  components  of  the  normal  pattern  are  present  even 
in  the  socially  deprived  male,  tend  to  occur  together,  and,  under  appro- 
priate circumstances,  eventually  become  fused  into  an  integrated 
speciesHty  pical  pattern,  the  presence  of  some  guiding  structure  seems 
to  be  ifttplied-a  "template'*  that  must  be  standard  equipment  for  the 
rhesus  macfque  but  remains  functionally  incomplete  vnless  appropri- 
ate input  is  provided.  .  / 

Deficiencies  in  signal  functions  ^can  be  inferred  from  the  observation 
that  isolation-reared  monkeys  do  not  show  consistent  and  appropriate 
responses  to  the  distinctive  postures,  gestures,  facial  expressions,  and 
sounds  that  serve  as  the  vehicles  of  communication  in  natural  primate 
^         societies.       Again,  however,  such  learning  seems  to  operate  within 
the  context  of  preexisting  structures.  Some  configurations  of  stimuli 
anfl  some  sequences  of  stimulation  possess  primitive  functions  that 
apparently  precede  specific  experience.  These  stimulus  patterns  are 
similar  to  the  inrat^  j^easing  mechanisms  (  irm*s)  described  by  the 
etholQgists,  but  there  is  no  fixed  relationship  between  stimuhis  and  ' 
resix>n3e  as  implied  by  the  irm  concept.  For  example,  young  labQ^ 
atory-reared  rhesus  monkeys  display  stereotyped  affecthre-social  re- 
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iponses  toward^animate  objeats  that  they  have,  never  before  encoun- 
tered. The  frequency  of  these  responses  increases  as  the  Qbjects. become 
antmal-l^e^  or  more  representation^i.  This  effect  was  obtained  in 
infants  as  young  as  I  month,  housed  individually  from'birth  in  a  stan* 
dard  nursery  environment.^ 

~The  response  to  the  optical  stimulus  of  *iooming**  is.  another  exam- 
ple of  a  pnmftiye  schema?  Looming,  created  by  a  sudden  increase  in  tht 
itze  of  circular  stmyihis,  causes  persistent  fear  rtspc^aes'^in  laboratory- 
rearedTnfant  monkeys  (as  well  A  adults).^  The  rapid  approach  of  a 
aplid  body  (which  was  simulated  by  the  experimental  procedure)  is  an 
important  ecologic  sign  fbr  the  free-ranging  monkey,  typically  associ-  *  , 
ated  with  a  potential  hazard,  such  as  a  predator  6i  an  aggressive  memb«fr 
^43t4Mt'%^m^  group.  At  the  sam^  time;  however,  it  is  easy  to  see  how  i . 
the^daptivenessnf  the  looming  response  would  be  improved  if  other 
input  features  were  als^^  taken  into  aocount.  Looming  can  mean  the 
approach  of  a  hungry  lion,  a  docile  bullock.*or  an  adult  male  coming  Jo 
the  rescue.  An  animal  thit  can  distinguish  these  possibilities  and  act 
accordingly  clearly  appears  to  be  in  a  better  position  to  survive  than  an  ' 
animal  that  cannot.  It  is  in  this  process  of  differentiation  arid  evalua- 
tion of  environmental  contingencies  that  learning  can  be  seen  to  play 
one  of  its  most  important  parts. 
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pISCVS^SiON 

UR  aLfjrn  As  I  recall  from  Harlow's  data  on  rhesus  monkeys,  there  is  no  evi- 
dence of  any  leammg  dericits  inyH)lalion-ieaicd  animals.  But  you  do  find  it  with 
the  chimpan/cc? 


WlltlAM  A  MASON 


DR.  MASON.  Yei,  There  is  no  evidence  of  such  an  effect  m  ihe  dau  un  morJceysii 
the  University  of  Wisconsin.  I  think  H:»Iow,points  out,  huwcvcr,  thai  Ihcy  took 
great  pains  to  ensure  that  the  animals  were  adapted  to  the  test  situation  before  ^ 
formal  testing  was  started.  He  also  indicated  that  the  i^jlation'rcarcd  ammtls 
,  were  slower  to  adjust  to  the  testing  procedure  and  that  not  all  the  animals  were 
able  to  adapt  This  means  that  considerable  Uaunuig  and  some  selection  occuricd 
before  formal  testing  began.  The  anmuls  that  completed  the  prelirmnary  tram* 
mg  showed  apparently  nornul  intellectual  performance. 

DR  INGRAM  1  Suggest  that  the  data  on  i{arlow*s  rhesus  mv>nkeys  are  rather  duoi- 
ous  m  any  event.  Broadbcrit  ha^.  :cccntly  criUcizcd  the  methodology  of  ihc  Har- 
low experiments,  and  has  suggested  that  many  of  the  conclusions  about  cogrih 
tivc  development  are  unjustified,  Broadbeni  m  particular  feels  very  strongly  that 
cognitive  development  is  impaired,  but  this  has  oot  been  shown  yet. 

OH  M  ASON  I  certainly  would  expect  ^  Gnd  a  variety  of  mtellcctual  deficits  m. 
depnved  monkeys  or  apes,  What  I  am*saymg  is  tliai,  if  I  did  not  expect  it,  then  J 
would  be  awceptmgd  kind  of  a  faulty  psychology,  in  which  descriptively  sep- 
arate cndpointsor  activities  arc  viewed  as  rcprescntmg  separate  mechanisms,  like 
si»  many  different  watcrtighKompartmcnts.  wit^  the  animal  developing  intel- 
lectual abilities  here,  and  v^.»  lal  behavior  there,  and  emotional  behavior  some- 
where else  I  do  u .  ^  clievc  that  psychologic  devel  pment  proceeds  in  that 
fasliion  Actuilly ,  iWrmng.  bruadi)  defined,  enters  miu  all  aspects  of  behavioral 
development,  just  is  unlearned  patterns  do.  Nornal  social  development  requires 
learning  It  is  one  aspect  of  rntcllectuil  dcvflupi;icnt,  and  all  the  adaptive  tasks 
that  an  animal  must  pcri'orm  provide  the  occasion  and  the  necessity  for  the 
development  of  ••mtelicctual"  skills. 

OH  GAAHD(:R  I  wondcr  if  in  lutvx  ways  your  position  on  dyslexia  would  terfd  (o 
<?uppoi  t  the  idea  thai  u>  alexia  colild  be,  noi  s>o  much  a  derivative  of  many  of  the 
things  that  we  have  discusv^d,  but  rather  the  result  of  a  somewhat  higher  process 
that  we  do  nut  yet  h}jre  adcv^ate  tools  to  Mudy.  Thi^^  higher  priJccsshas  to  do 
with  the  sequencoig1>f  a  chaia  of  interactions  between  au  organism  and  its  en* 
Visunmcrit,  bo^m  tht*  nonliving  pait.%  of  the  environment  and  the  human  beingji  * 
thai  are  in  the  environment 

tfU  M  M^us  I  think  a  large  element  has  been  L*fi  out  of  oui  thinking  about 
behaviural  development  the  Cwolo|;ic  clement  Psychofogists  (ctholt^stv,  too, 
tor  that  matter  )  lack  a  p-'^cise  language  for  dealing  wiili  the  microccolog)\ 
Ultimately,  wi:  will  hkt  j  trca^  the  environment,  not  a^  a  vast  aggregate  of 
sumuth  but  m  term*  oi  it^  stnicfure.  because  it  is  tins  structure  that  is  reflected 
ih  the  evoluiam  ot  behavior  AH  deprivatav?!  studie*^  deal  with  jhe  impact  of 
vume  drastiv  environmental  events  on  ongoing,  4iapu%c«  and  highly  orgafiued 
biulogic    stems  Wc  need  to  develop  ah  mu^.h  conwern  arid  skill  for  dealing  with 
rfiM^^  events  and  the  systems  ihal  thev  ^.t  on  a»»  we  fiavc  |ui  dealing  with  behav* 
loral  out%.omc%  The  tendency  at  the  momi^rrt  i\  to  scle^^t  the  outcome  the 
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^  performani^c  ,and  tr>  la  infci  ihe  •intcwi*dentCfiom  llm  In  ihc  lung  run,  wc 
must  do  bcifcr  W«  ma>       to  stail  with  Siime  very  me^isy  anicccdent  condi 
tions  and  iry  to  get  sonK  idea  of  Utcii  Vpcciftt  rcUuon^ip  to  the  perfucmanccn. 
dcfjou  Ihit  Jic  produced  Eventually,  we  fna>  develop  ^ufnctcni  y:»phisiication 
to  deal  With  the  kind  of  higher<>fdcf  pfoce*s  referred  tu  by  Dr  Gaarder  And  the 
ptepaiation  of  my  paper  gave  mc  the  opportunity  lo  take  a  small  !»tcp  m  that  di« 
rection  1  do  not  ihinH  wc  wiJl  ever  get  ver>  clo>c  to  djjslcxia  by  uiing  monkeys, 
but  I  do  think  wc  may  get  some  general  notion  from  them  a^  to  huw  such  higher* 
order  mformalion  processing  systems  fdnction  and  what  they  rcouire  frum  the 
envrronment  m  order  to  develop  effectively^ 


erIc  ■         •  -^ao  -^  .  . 
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Continuity^  Cognitive  Development 
During  the  First  Year  of  Life 


Each  generation  of  psychologists  seems  to  discover  a  fresh  set  of 
phenomena  and  a  sparklinjg  new  object  of  study.  The  introspcctively 
trained  adult  was  the  pet  of  the  academic  before  and  around  tl|^  begin- 
ning of  this  century,  and  the  contents  of  consciousness  the  favored 
theme.  The  exploring  albino  rat  captured  the  stage  from  the  brooding 
adult  when  the  academy  decided  that  public  respjonses  and  easily  in- 
duced drives  were  more  critical  than  feelings,  sensations,  or  thoughts. 
One  of  the  stars  of  this  decade  is  the  human  infant,  and  the  theme 
tunis  once  again  to  those  mental  processes  called  '"^cognitivew^ 
structure." 

The  ease  with  which  loyaltierto  subjects  or  subject  matters  are 
broken  is  to  be  expected  in  a  discipline  as  young  as  psychology.  The '  Jr 
b^jbyioral  sciences  are  in  the  important  but  necessarily  frustrating  pe- 
» rio«>f  defining*the  phenomena  they  wish  to  pursue  in  depth  and  the 
concepts  t.hey  must  quantify  and  place  in  propositional  form.  The  bc- 
IVavior  of  p;»ychologists  during  the  last  three  quarters  of  a  century  is  not 
unlike  that  of  a  person  who  has  a  blanket  thrown  over  him  as  he  stands 
m  a  large  room  containing  a  variety  of  interesting  objects.  His  task  is  to 
decide,  without  removing  the  opaque  cover,  what  objects  are  in  the 
room.  It  would  be  proper  strategy  to  walk  until  he  hits  something,  put 
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out  J  haiuL'^and  explore  the  object  to  hee  whether  a  quick  determination 
is  possible.^lf  a  few  jTiinutes  of  exploration  proves  fruitlesb,  no  worry; 
there  are^manV  other  objects  in  the  room  that  can  be  explored.  Our 

^  temporarily  blinded  subject  would  pass  from  object  to  object,  exploring 
quickly,  hoping  for  a  clue  that  might  define  one  object  permanently  but 
always  prepared  to  pass  oijf>if  an  initial  probe  does  not  prove  re\varding. 

This  horizontal  progress  is  a  fair  descriotion  of  psychology's  first 
hundred  years.  We  probe  the  subject  an  idea  or  phenomenon  until  wc 
become  frustrated  ctmccptually-  Or  methodologically,  then  we  look  for 
another  love  objjitJ^e  ti»rned  from  introspection  because  we  were  un- 
able to  solve  the.ifcbjectivity  problem.  We  grew  bored  with  rats  and 
mazes  because  we\)uld  not  solve  the  reinforcement  problem,  and  were 
unable  to  explain  huHian  thought  by  turn  sequences  in  alleys.  We  aban- 
doned personality  study  because  we  failed  to  develop  sensitive  proce- 

,dures  to  measure  motives,  anxieties,  or  conflicts.  And  now  we  at  firm 
the  child. 


THE  CONCERN  WITH  CHILDHOOD  AND  INFANCY 

Interest  in  the  young  child,  especially  the  infant,  drawsS^s  force  from 
divergent  solirces.  The  commitment  to  historical  explanation,  which  is 
Ijasic  to  American  psychology,  has  always  been  a  guide  to  domestic 
empiricism.  A  large  proportion  of  studies  oil  rats,  cats,  mice,  and  mon- 
keys have  posed  devehsi^mental  queslions.^Harlow  and  his  colleagues* 
ikkcd  ;fbout  the  later  effects  of  infant  experience  with  terry-cloth 
mothers.  Denenberg'^  and  Levine^*  inquired  into  the  effect  of  mild 
handling  of  week-old  mice  on  adult  behavior  in  an  open  field.  The 
historical  bias,  which  is  not  shared  by  all  psychology  groups,  takes  its 
.  strength  from  a  strong  belief  in  the  persistence  of  well-learned  habits 

(an  heir  of  Hullian  behaviorism)  and  an  optimism  that  jffirms  that  what 
•  was  done  can  be  either  undone  in  the  same  organism  or  done  differently 
in  the  next  generation.  " 

The  influence  of  psychoanalytic  theory,  althougli  waning  rapidly,  also 
directed  our  interest  to  the  child.  As  the  major  theory  of  personality  de- 
velopment, it  made  strong  statements^«bout  the  Ipng^term  effects  of 
family,  experience  during  the  first  5  years\ 

Finally,  the  unprecedented  excitement  about  educational  progress  in 
the  lower-class  child,  an  excitement  that  has  always  been  in  the  back- 
id  \  ^  J25 
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grouad,  has  suddenly  cpme  intoYocus  and  produced  a  heady  dose  of 
investigations  into  the  mental  processes  of  young  children.  There  is 
agreement  that  one  can  preview  the  awesome  class  dirrerences  in 
schooNage  children  as  early  as  the  age  or  3,  but  we  do  not  know  the 
temporal  patterning  or  events  during  the  prenatal  months  and  the  first 
36  postnatal  months  that  lead  to  this  variation. 

Although  scholarly  concern  with  childhood  has  a  broad  roundation, 
the  more  limited  interest  in  the  infant  required  a  special  catalyst,  and  it 
was  provided  by  Robert.  Fan tz's  demonstration  that  one  could  tell  with 
remarkably  simple  methVds  what  a  baby  was  looking  at  and  perhaps 
what  he  preferred  to  look  at.'**^^  To  everyone's  surprise,  the  very  young 
infant  was  not  perceptually  innocent.^He  stared  longer  at  checkerboards 
and  buH'sreyes  than  at  homogeneous  gray  patterns'  and  more  at  moving 
lights^than  at  stationary  ones.*^  As  cariv  as  the  age  of  4  months,  he 
looked  longer  at  a  picture  of  a  human  faoe  than  at  nonsense  desigi^s.^^*^^ 
Moreover,  the  infant  always  seems  to  be  reeking  variety. 


PERCEPTUAL  LEARNING 

DoQS  the  infant  learn  anything  when  he  !ooks  at  an  object,  and  if  he 
does,  what  does  he  learn?  These  simple  questions  have  generated  con- 
siderable controversy  because  of  an  unstated  faith  that  the  infant  was 
cognitively  different  from  the  adult.  If  an  adult  were  to  scan  a  photo- 
graph of  Lake  Atitlan  for  the  first  time  he  would  learn  and  retain  the 
fact  that  it  has  a  very  irregular  perimeter.  The  adult  would  not  have  to 
feel  the  photo,  swim  in  the  lake,  or  draw  its  outline  on  paper.  At  a  ' 
more  conceptual  level,  if  an  adult  is  told^that  an  operon  is  a  concept 
used  by  molecular  geneticists  to  explain  suppression  of  structural  genes, 
he  has  o;ily  to  listen  to  this  statement  to  learn  the  meaning  of  this  con- 
cept. At  a  behavioral  level,  Bandura  and  Menlove^  have  shown  that  a  3- 
year-old  child  who  is  afraid  of  dogs  will  approach  and  play  with  them 
after  watching  a  short  series  of  films  showing  children  playing  with 
.  dogs.  These  examples  are  sufficient  to  warrant  faith  in  the  common* 
.  sense  proposition  that  an  older  child  or  adult  can  learn  a  perceptual 
structure,  a  conceptual  unit,  or  changes  in  the  hierarchy  of  overt  be- 
haviors by  merely  looking  or  listening*  But  is  this  true  of  infants? 
Investigators  of  mental  growth  in  the  Jiuman,  infant  before  the  1 960's 
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were  prejudijjcd  against  this  view.  Tests  constructed  to  assess  infant  in- 
.  .:-telligenceemphasizedmotoraccomplishtnents-age  of  sitting,  walking,  , 
hand-eye  coordination,"  removal  of  a  napkin  from  a  toy,  prehension  of    -  ^ 
a  button.  The  implicit  assumption  was  that^the  child's  level  of  intellec- 
tual development  covaried  with  his  precocity  in  sensorimotor  acquisi- 
tions. This  reasonable  belief  was  supported  by  the  major  cognitive 
theorists  of  this  century.  Jean  Piaget^^'stated  explicitly  that  the  in- 
fant's first  mental  structures  (schemata)  are  "interiorizations  of  overt 
actiO'ns;"  a  view  i:esembling  Watson's  belief  that  thought  was  derived 
frorn  subvocal  speech.  Gesell,  Piaget,  and  Watson  probably  arrived  at 
,  their "laith  independently;  none  was  especially  devoted  to  the  others' 
writing  during  the  first  half  of  the  century,  and  there  has  been  minimal 
contact  among  the  loyal  disciples  of  each  of  the  three  leaders.  Such 
remarkable  consistency  is  often  a  reliable  sign  of  validity.,  * 
;    The  reasons  for  this  commitment  to  the  value  of  actions  in  mental 
growth  arc  probably  different.  The  early  behaviOrists  were  in  a  meth- 
odologic  rebellion,  and  it  was  important  for  its  vitality  to  forbid  ideo- 
logic  deviance.  No  concepts.were  pemussible  that  could  not  be  measured 
publicly.  The  intelligence  testers  were  probably  moved  by  pragmatic 
considerations  and  Gescll's  clearly  described  procedures.'^  There  was  no 
^ay  to  assess  what  the  infant  was  thinking,  tut  there  were  ways  of  mea-  ' 
suring  what  he' was  doing,  and  the  American  attraction  to  reasonable  * 
solutions  makes  it  easy  to  understand  why  they  focused  on  overt  be- 
haviors. It  is  difficult  to  understand  Piaget's  affinity  for  this  materialistic 
view  of  infant  intelligence.  Piagetian  tiieory  is  profoundly  cognitive,  and 
his  epistemologic  position  would  lead  one  to  expect  a  more  mcntalisti'c 
navor  to  infant  psychology. ^^'^^  Perhaps  his  autobiography  will  solve 
that  puzzle, 

E<istipg<?mpiric  data  suggest  that  an  infant  may  acquire  a  mental 
represelrtation  <^i;an  event  by  only  looking  or  listening.  A(i  infomt  who 
has  habituatedlo  a  repeated  presentation  of  the  same,  initially  novel, 
stimulus  shows  a  dramatic  change  in  fixation  time  when  presented  with 
a  transformation  of  th?  stimulus.  This  phenomenon  cJn  be  demon- 
strated in  studies  using  short-term  habituation  (McCall  land  Kagan,  un- 
published data)  or  exposure  of  an  infant  to  a  stimulus  ovai;»a  period  of 
several  weeks.^'*^^  These  data  imply  that  the  infant,  as  well  as  the 
older  child,  establishes  cognitive  structures  as  a  result  of  exposure  to 
an  event. 
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CONTINUITY  IN  MENTAL  DEVELOPMENT  ^ 

The  mechanisms  of  esUblishment  of  cognitive  structures  are  separate 
from  the  issue  of  continuity  in  level  of  cognitive  development!  Do  in- 
fants who  at  some  time  show  precocious  acquisition  of  a  class  of  struc- 
tures remain  precocious?  That  is  the  question  the  early  infant  testers 
wished  to  answer.  Tlieir  efforts  were  ambiguous,  because  they  evaluated 
behavioral  accomplishments  in  the  infant  and  cognitive  acc&mplish- 
ments  in  the  older  child.  Although  demonstration  of  stability  or  con- 
tinuity is  one  prerequisite  for  a  theory  of  intellectual  development, 
stability  is  fiecessarily  ambiguous  as  to  cause.  Suppose,  as  our  data  and 
those  of  others  indicate,  that  there  is  a  high  correlation  between  reliable 
indexes  of  vocalization  in  4-month-old  girls  and  verbal  ability  at  the,  age 
of  2  years.  One  might  view  this  correlation  as  proof  of  a  constitutional 
basis  of  intelligence.  The  argument  would  state  formally  that  the  "same 
central  intellective  process  caused  the  frequent  vocalizing  at  4  months 
and  the  high  verbal  score  at  2  years.  This  phenomenon  might  be  called 
**endogenous  continuity"  (i.e.,  a  particular  internal  process  remains  '  . 
^ble  over  time).  However,  it  is  possible  that  an  environmental  forcp, 
sucTi  as  a  mother's  reciprocal  interaction  with  her  child,  produced  both 
the  frequent  vocalization  in  infancy  and  a  rich  vocabulary  and  strong 
moHyation  for  cognitive  mastery  in  the  older  child.  The  latter  forces  ^ 
prodiiced  the  high  verbal  score.  There  is  no  necessary  causal  relation- 
ship be^een  the  vocalization  at  4  months  and  the  later  verbal  profi- 
ciency. It^s  possible  that  each  is  an  independent  correlate  of  different 
sets  of  maternal  behaviors  and  that  the  stability  was  in  the  mother's 
behavior.  lYivs  phenomenon  might  be  called  **exogenous  continuity." 

Value  of  Continuity  Studies 

The  issue  of  continuity  is  relevant  to  three  themes  in  developmental 
psychology.  First,  knowledge  of  responses  that  show  stability  facilitates 
prediction  of  future  behaviors  and  early  diagnosis  of  psychologic  syn- 
dromes that  are  harmful  and  should  be  treated,  as  well  as  of  socially 
V  tued  syndromes  that  should  be  protected  and  encouraged. 

Second,  continuity  studies  contribute  to  the  validation  of  major 
theoretical  positions.  Knowledge  of  continuity  in  behavior  allows  tests 
of,  for  example,  whether  frustration  of  oral  needs  in  infancy  leads  to 
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depression  in  adulthood  and  whether  partial  reinforcement  of  aggression 
in  childhood  produces  greater  resistance  to  extinction  of  aggressive  be- 
havior during  later  childhood.  Validation  of  these  theoretical  predic- 
tions, which  requires  studies  of  behavior  over  time,  is  necessary  to 
evaluate  the  power  of  the  theoretical  schemes. 
The  third'rationale  for  continuity  studies  is  the  gne  that  will  be  . 
'  discussed  here.  Studies  of  continuity  facilitate  the  understanding  of  the 
meaning  of  responses  at  particular  ages.  Contemporary  psychology  does 
not  understand  the  meaning  of  some  of  its  simplest  phenomena,  such  as 
the  smile  at  4  months,  separation  anxiety  at  10  months,  attempts  at 
task  mastery  at  1  year,  and  the  early  attainment  of  what  Piaget  calls  the 
"object  concept.''  It  is  not  clear  what  covert  processes  each  of  these 
public  phenomena  reflects.  Study  of  the  predictive  consequences  of 
selected  responses  may  clarify  the  significance  of  the  act. 

Indexes  of  Mental  Development 

A  central  methodolo^^ic  problem  common  to  many  investigations  of 
mental  development  is  lack  of  agreement  on  the  behavior  patterns  that 
provide  a  faithful  picture  of  the  infant's  mental  development.  The 
classic  conceptual  stance  assumed  that  selected  motor  and  sensorimotor 
responses  mirrored  the  level  or  r^te  of  cognitive  development.  Thespj 
motor  patterns  are  disrupted  l?y  brain-stem  damage,  and  anomalies  irf 
their  development  are  used  as  diagnostic  signs  of  lack  of  integrity  of  the 
^  central  nervous  system.  But  the  rate  of  development  of  these  complex 
motor  responses  may  not  be  the  most  sensitive  index  of  the  infant's 
cognitive  development  (''cognitive"  refers  to  perceptualstructures, 
language,  and  problem-solving  skills).  Among  infants  with  no  central 
nervous  system  damage,  there  appears  to  bfe  a  minimal  relation  be- 
tween age  of  appearance  or  quality  of  these  sensorimotor  patterns 
during!  the  first  year  and  standard  indexes  of  language  and  problem- 
solving  ability  during  the  preschool  years. 

'    Howqver,  responses  that  index  differential  attcntiveness  to  selected 
events  may  reflect  differential  acquisition  of  cognitive  structures  related 
to  those  events,  and  they  may  provide  evidencle  of  intra-individual  con- 
tinuity of  cognitive  dimensions  from  infancy  to  early  childhood.  Dura- 
tion of  orientation  toward  a  visual  stimulus  ("fixation  time")  and  vocal- 
ization during  stimulus  presentation  are  two  reasonable  indexes  of  an 
^In^nt's  degree  of  attention  to  an  external  event. 

O  329 

ERLC  336  ^^^^ 


JEROME  KACAN 


FIX  A  TION  Time 

The  intuitively  obvious  index/of  visual  attention  is  the  duration  of 
'  study  of  an  cveitr.  Like  moyt  acts,  fixation  time  has  multiple  determi- 
nants, and  the  power  of  each  seems  to  change  with  age.  Physical  con- 
trast, movement,  discrepancy  from  an  acquired  schema,  and  dehsity  of 
hypotheses  ac^vated  to  explain  a  discrepancy  all  exert  some  control  on 
»  fixation  time  during  the  first  30  months  of  life. 


Movement  and  Contour 

Ontogenetically ,  the  first  determinant  of  orientation  toward  a  visual 
evfnt  is  a  high  rate  of  change  in  the  stimulus  itself,  typically  produced 
by.  movement  or  contour  contrast.  The  infant  has  an  unlearned  disposi* 
tion*to  attend  to  events  that  possess  a  high  rate  of  change  in  thoir  phys-' 
ical  characteristics.  Newborn  infants  are  dramatically  more  attentive  to 
moving  lights  than  to  static  ones  and  to  designs  with  a  high  degree  of  . 
black-white  contour  than  to  events  with  minimal  contour  con-\ 
.  trast. '  t*^-^*  These  induced  generalizations  from  molar  behavior  concur 

with  neurophysiologic  studies  of  ganglion  potentials  in  v  rtebrate  ret- 
inas. Some  ganglion  cells  respond  to  onset  of  illumination,  others  to  . 
offset,  and  still  others  to*both.  A  stjriiulus  moving  across  a  visual  field 
stimulates  sets  of  cetts  for  a  short  period,  creating  onset  and  offset  dis- 
charge patterns.  Contour  edges  function  as  onset  stimuli,  whereas  solid 
patterns  do  not;  and  the  change  in  stimulation  created  by  a  sharp  con- 
tour edge  or  movement  elicits  specialized  firing  patterns  that  can  serve 
as  the  basis  for  sustained  fixation.^^*'^ 

Discrepancy  \  ■  ' 

The  initial  disposition  to  maintain  long  fixations  on  visual  s,timuli  with 
movement  a^d>contojjr  eventually  competes  with  a  second,  acquired 
determinant;  thodegree  of  discrepancy  between  an  event  and  the 
child*s  acquired  schema  for  that  event.  Stimuli  that  deviate  moderately  , 
from  an  existing  schema  release  longer  fixations  than  either  completely, 
familiar  events  or  completely  novel  events.  Empiric  support  for  the  role 
of  schema  discrepancy  on  attention  is  suggestive,  rather  than  definitive. 
At  4  months  of  age,  achromatic  illustrations  of  male  faces  elicit  fixation 
times  twice  as  long  as  those  elicited  by  random  shapes  of  varying  num- 
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bers  of  turns  that  contain  extreme  novelty  and  greater  contour  contrast 
than  the  faces.^*-^^  Haaf  and  BclP^  hav^^  shown  that  3-month-olds 
study  a  regular  schematic  face  longer  than  one  that  has  the  same  facial 
components  disarranged.  Moreover,  the  infants  study  partly  disarranged 
schematic  faces  longer  than  completely  disarranged  ones.  The  stimuli 
that  were  similar  to  faces  elicited  longer  fixations  tlian  equally  complex 
stiinuli  with  minima]  resemblance  to  faces.  Final  *jupport  for  the  dis- 
crepancy hypothesis  comes  from  a  study  in  which  S-moijith-old  infants 
vfrere  exposed  to  a  novel  three-dimensional  stimulus  at  hpme  for.a 
month  and  then  shown  the  same  stimulus  and  three  transf<)rmations 
of  it  at  4  months  of  age.  Control  children  viewed  all  four  stimuli  for 
the  first  time  at  4  months.  The  experimental  infants  showed  shorter, 
fixation  times  to  M  four  stimuli  than  the  controls.  The  discrepancy 
effect  emerged  for  girls,  who  showed  thv  longest  fixation  tjmes  to  the 
transformations  of  the  standard  they  viewed  at  home.^'-^^  AUhough 
the  definitive  study  demonstrating  a  curvilinear  relationship  between 
fixation  time  and  discrepancy  from  an  acquired  scliema  is  still  to  be 
done,  existing  data  are  persuasive  of  the  usefulness  of  this  idea.  At  the 
least,  they  suggest  that  the  degree  of  familiarity,  independent  of  move- 
ment and  contour  qualities,  does  exert  a  powerful  ihfiuence  on 
fixation  time.  *^ 


Density  of  Associations 

A  third  determinant  of  fixation  time  begins  its  growth  duriijgme  sec- 
ond half  of  the  first  year      involves  the  density  or  richness  of  the 
symbolic  associations  activated  by  the  child  to  assimilate  experience. 
The  richer  the  nest  of  hypotheses  available  and  activated,  the  longer 
the  fixation. 

High  rate  of  change,  discrepancy,  and  activation  of  hypotheses  may 
be  additive  in  their  total  effect  on  fixation  time.  The  combined  effect 
of  discrepancy  ajid .hypotheses  is  illustrated  in  a  comparative  study  of 

2  .  and  3-ycar-oid  children  from  two  cultures.  Finley showed  cul- 
turally appropriate  illustrations  of  male  faces  and  forms  to  Cambridge, 
Massachusetts,  middle-class  children  and  Mayaif  peasant  children  from 
Yucatan,  Fixation  time  increased  linearly  with  age,  for  both  groups, 
as  predicted  from  the  principle  of  increased  density  of  hypotheses. 
But  the  largest  increases  in  fixation  time  occurred  in  response  to  a  dis- 
arranged face  or  lorm,  which  is  a  discrepancy  stimulus,  rather  tWin  to 
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the  regular  face  or  form.  The  hypdthesis  vector  complemented  the  dis- 
crepancy vector  to  produce  a  significant  age-stimulus  effect  on  ' 
fixation  time.*^      .  . 

The  changing  pattern  of  influences  on  fixation  time  should  result  in 
different  patterns  of  continuity  over  time,  anct  as  we  shall  see,  that 
expectation  has  been  verified. 


VOCALIZATION 

The  determinants  of  infant  vocalization  are  much  less  clear.  There  is  a 
dramatic  increase  in  positive  vocalization  at  about  10-12  \yeeks'of  age, 
accompanied  by  an  equally  salient  jlecrease  in  fretting  and  irritability.^ 
Infants  often  babble  when  they  study  an  interesting  visual  stimulus  or 
hear  selected  auditory  events,  and  it  is  reasonable  to  suggest  that  these' 
vocalizations  refiect  the  excitement  that  accompanies  focused  attention. 
Thus;  one  early  determinant  of  vocalization  may  be  similar  to  the  dis- 
crepanc]^  principle  that  states  that  partially  novel  events  engage  the  in- 
fant*s  attention  and  elicit  vocalization.  Around  1  year  of  age,  it  appears  ^ 
that  the  hypothesis  vector  may  also  control  vocalization:  Finley  .found 
linear  increases  in  vocalization  in  response  to  human  faces  and  forms 
across  the  period  from  1  to  3  years  of  age  in  both  the  Am^jrican  and  the 
Mayan  children. 

This  report  is  concerned  primarily  with  the  intra-indiv/.dual  stability 
of  fixation  time  and  vocalization  in  response  to  representations  of 
human  facesnJuring  the  first  year  of  life.  It  is  believed  that  the  pattern 
of  this  stability  provides  information  on  continuity  of  acquired  cogni- 
tive structures  associated  with  human  faces. 

A  subordinate  theme  is  the  possibility  that  vocalization  luring  the 
^ariy  months  has  different  meanings  for  the  two  sexes.  Vocc^lization 
.  may  display  a  sexual  dimorphism  in  the  Iiuman  infant.  Xhere  has  been 
a  remarkable  change  in  our  attitude  toward  the  etiology  of  luiman 
psychologic  sex  differences^  in  that  we  now  acknowledge  tha»  these 
differences  may  not  all  be  environmentally  determined.  Infrahuman 
studies  have  demonstrated  sex  differences  in  dominance,  as  well  as  pre- 
potent reactions  to  stress  or  threat.*  '^     Recent  reviews  ot'  the  com- 
parative literature  by  Hinde^®  and  Warier  and  Hamilton^  indicate 
strt^g  support  for  sex  differences  in  a  variety  of  response  dimensions 
m  mammalian  species.  It  is  reasonable,  therefore,  to  expect  sex  differ- 
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enc4*s  in  initial  response  hierarchies  hat  would  lead  intent  boys  and 
girls  to  react  dirferently  to  the  same  stimuli  or  environmental 
intrusions. 


PROCEDURES  • 

Our.  total  sample  consisted  initially  of  91  boys  and  851^  girls,  all  were 
Caucasian,  firstborn,  and  bving  with  (heir  natural  mothers  within  a  30- 
mile  radius  of  Cambridge.  Massachusetts.  The  range  of  educational  level 
"^f  the  parents  of  thpa-iiWtnren  ran  from  8  years  through  a  graduate  de- 
gree.  Most  of  the  mrents  of  the  sample  children  were  volunteers  re- 
xniited  by 'advertisements  in  local  news^papers.  Each  infant  came  to  the 
laboratory  with  its  mother  when  the  infaiu  Aas4.  8.  and  13  months  old 
fora  series  of  assessments,  ' 

Each  -t-month-old  mfant  was  placed  supine  in  a  urib.  When  the  infant 
was  quiet  and  contenjl.  but  alert,  he  was  shown  a  series  of  16  achromatic 
slides  of  four  different  human  ^ces  (Figure  I );  there  were  four  presen-  ^ 
tations  of  each  of  the  four  faces.  After  a  short  recess,  the  child  was 
shawiViir4iene«iof  iilides  of  four  different  three-dimensional  clay  faces  ^ 
{4V2  X*6'/z  in,)  painted  flesh  color  (Figure  2),  there  were  four  presenta- 
tions of  each  of  the  four  clay  fJces.  For  both  episodes,  the  order  of 
presentation  was  such  that  each  of  the  four  faces  appeared  once  every 
four  slides,  and  thea:  were  two  different  orders  of  presentation.  Each 
stimulus  was  shown  for  30  sec,  with  l5-sel|  intervals  between  exposures, 
duririg  which  the  visual  field  was  homogeneously  white.  The  stimuli 
were  presented  20  in.  from  the  plane  of  the  child\  face  and  occupied 
a  visual  angle  of  about  20  deg.     '  * 
.  Two  of  the  variables  coded  during  these  two  episodes  were  length  of 
t^aclLfixatlon  on  the  stimulus  and  duration  of  vocalization  during  stim- 
ulus presentation.  Tliese  variables  were  coded  by  two  independent  ob- 
servers watching  from  opposite  sidys  of  the  crib,  neither  of  whom  could 
see  the  stimulus  being  presented  to  the  child.  Interobserver  reliabilities 
were  0,^^  for  fixation  time  and  0.71  for  duration  of  vocalization. 

When  the  infant  returned  to  the  laboratory  at  8  months  of  age,  he 
was  seated  in  a  high  chair  behind  a  graf  enclosure  with  his  mother 
seated  to  his  right  and  slightly  behind  him.  A  screen  was  2  ft  in  front 
of  the  child  at  his  eye  level  The  first  episode  Nvas  the  sa/ne  set  of  four 
achromatic  faces  that  had  been  presented  1 4  months.  However,  each, 
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stimulus  was  prc*»cincd  lor  only  15  sec,  wiih  1 5-scc  inlcrvals  between 
CKpoHurcs  The  seccnd  cpivode  was  a  tape  recording  of  four  different 
ZO'se.c  recitations  read  by  a  male  voice.^with  lOsec  silent  periods  be- 
tween recitations  Two  of  the  recitations  contained  the  same  set  of 
meaningful  sentences,  one  set  read  with  high  inflection  and  the\>ther 
with  no  mflection  The  other  two  recitations  contained  the  same  set  of 
meaningless  sentences  (nonsense  wordsK  one  rcacl  with  high  inflection 
and  the  other  with  no  inflection  Each  stimulus  was  presented  three 
times  m  a  fixed  order  that  was  the  same  for  all  the  children  The  third 
episode  w^s  the  same  set  of  day  iaces  that  had  been  presented  at  4 
months/the  procedure  was  identical  with  that  used  at  4  months. 

Ft\.ilion  time  Jind  duration  of  vocah/alion  were  again  Coded  during 
the  prcscntatiun  ol  the  f  ces  Vocah/ation  time  and  duration  of  of  leuta- 
turn  toward  a  speaker  battle  were  coded  dunng  the  auditory  episode 
The  >peuker  battle  was  1  It  above  and  45  deg  to  the  rijtht  of  the  child's 
right  eye  Mah>  of  the  children  oriented  their  heads  and  eyes  toward  llie 
speaker  battle  when  tlie  recorded  voice  wa^  being  presented 

Lach  l^-month-old  infant  was  exposed  to  tour  episodes  an  the  same 
apparatus  uH*d  at  H  months  This  report  is  concerned  only  with  the 
third  ol  these  tour  episodes,  dunng  which  the  child  was  sliown  a  set  oi 
tive  diflerent  ^.lay  laces  Four  of  the  faces  were  identical  with  those 
viewed  at  4  and  H  months  The  fifth  face  contained  ti  pair  of  eves  cor 
recily  placed,  but  no  nose  or  mouth,  lach  of  the  live  laces  was  pre- 
sented three  limes  m  three  different  orders  of  presentation  l:ach  face 
was  presented  for  30  si»w.  with  15  sec  intervals  between  exposures  The 
duration  ot  each  tUation  and  vocaluatiun  was  coded 

RtStiTS 

Fnation  Jimi  Stahtlttx  '     *  . 

Two  tiXalion-time  variables  will  be  eonsidered  average  firvt  fixation 
and  average  total  tiXalion  across  all  stimulus  presentations  in  m  episode 
Fi.st  tixatitm  times  averaged  H  sec  at  4  inunlhsand  5  set'at  S  and  13 
mimths  Total  fixation  times  averaged  17  sec  at  4  months  and  8  sec  at  K 
and  1  ?  mtmths  There  were  no  signifij^t  sex  difterences  m  average  fixa* 
tion  time  or  variability  at  any  of  the  ageV  Table  I  prcnnts  the  stabiht> 
of  lust  and  total  fixation  li  iie/jcross  th^  three  ages  expressed  as  the  eo- 
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efficients  of  product  moment  correlations;  s^miple  sizes  arc  usually  60 

-  boys  and  60  girls. 

There  was  minimal  intr^-individual  stability  of  Fixation  time  from  4 
to  8  or  from  4  to  13  mopths  for  either  sex.  fhtre  was  moderate  contin- 
uity from  8  to  1 3  months  for  girls,  but  not  for  boys.  It  is  relevant  to 
add  thai  both  first  and  {total  fixation  times  at  8  months  covaried  posi- 
tively with  the  parents*  educationalle^j^  for  girls,  but  not  for  boys. 
When  the  mean  parental  edii^tional  attainment  was, divided  into  four 
steps,  analysis  of  varianc?  on  the  total-fixation-time  score;^  revealed  a 
significant  variance  ralio.(F)  for  girls  (F  =  3.49;  3, 75  dffp  <  0.05  for 
achromatic  faces;  F=  2.28;  3,  61  df;p  =  0.09  for  clay  faces).  The  cor- 
responding vdriance  ratios  foi;  boys  were  less  than  )  .0.  The  greater 
stability  of  fixation  time  for  girls  was  accompanied  by  evidence  that 
social-class  membership  was  influencing  fixation  time.  The  favored  in- 

•  terprelation  of  these  data  is  that  duraiioh  of  fixatiorf  time  at  4  months 
is  primarily  a  function  of  degree  of  discrepancy  between  the  stimulus 
faces  and  the  child  Vschema  of  a  face.  The  primary  determinant  of  fix- 
ation time  at  8  and  1 3  months,  however,,  is  the  density  of  hypotheses 
activated  to  assimilate  the  faces.  If  middle-  and  upper-middle-class  girls 
have  acquired  richer  nests  of  hypotheses  to  faces,  they  should  have  ' 
longer  fixation  times.  This  interpretation  suggests  that  the  stability  of 
fixation  time  from  8  to  13  months  refiects  continuity  of  a  dimension 
ihat  we  can  call  "richness  of  cognitive  structures  associated  with  the 
human,  face/'  This  continuity  is  analogous  to  the  typical  correlation  of 
0.50  between  vocabula^  levels  at  tW  ages  of  3  and  6  years.  Children 
who  are  precocious  in  the  acquisition  of  hypotheses  to  faces  at  8  . 
months  retain  this  precocity  for  the  next  half-year. 

*  Vocalization- Time  Stabilii  v 

♦ 

1       Mean  vocalization  time  was  highest  at  4  months  (average,  2  sec),  lowest 
at  8  months  (average,  1 .2  sec),  and  intermediate  at  13  months  (average, 
1.5  sec).  Vocalization  in  response  to  the  faces  typically  occurred  while 
the  infant  was  looking  at  the  face.  Vocalization  during  the  auditory 
episode  at  8  months  typically  occurred  when  exposure  teethe  stitmrfus 
ended,  not  during  it.  The  children  were  usually  quiet  and  attenti^ 
.  while  the  voice  was  speaking.  When  it  stopped,  babbling  began,  as 
though  the  vocalizations  were  releascdfcy  the  processing  of  the  sounds, 
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There  were  no  significant  sex  differences  in  mean  vocalization  times  or 
variance  ratios  to  any  episode.  *     .     •  , 

Table  2  presents  the  product  moment  correlation  coefficients  for  vo- 
calization times  across  the  three  ages.  As  with  fixation  times,  there  was 

.  no  stability  from  4  to  8  months  for  either  sex.  However,  vocalization 
time  showed  suggestive  stability  for  girls  from  4  to  13'months  and  mod- 
erate stability  from  8  to  13  months,  there  was  no^onsistency  for  boys 
between  any  two  ages.  The  sex  difference  in  stability  of  vocalization  is 
not  linked  to  social  class;  there  was  no  strong  relationship  between  vo- 

^  caJization  and  educational  level  of  the  parents  at  any  age.  Despite  the 
absence  of  sex  differences  in  duratior^or  variability  of  vocalization^  it  is 
Suggested.that vocalization  jefiects  processes  closely  related  to  atten- 
tivcness  more  faithfully  ip  girls  than  boys.  The  girls'  stability  coeffi- 
cients imply  continuity  of  an  attentiveness  dimensiort  in  girls.  Let  us 
consider  support  for  this  statement. 

The  4-iTjonth-old  girls  who  vocalized  in  response  tp  the44;hr6matic 
faces  displayed  longeV  visual  orientations  to  the  speaker*bafflc,at  8 
months;  this  relationship  did  not  occur  in  boys  (r  =  0.28,  p  <  0.05  for 
girls;  r  =  -0. 1 0  for  boys;  r  is  the  correlation,  coefficient).  This  sex  dif- 
ference in  the  predictive  significance  of'vocalization  is  seijn  in  bolder 
relief  when  the  analysis  is  restricted  to  infants  with  long  fixation  times 
(i.e„  above  the,  median  on  first  fixation  at  4  months).  This  group  of  . 
long-fixation  4-month-old  infants  was  divided  at  the  median  for  the 
vocalization  score  into  those  who  vocalized  1  ^ec  or  more  and  those 
who  vocalized  less  than  '1  sec  in  response  to  the  achromatic  faces,  the 
high-vocalizing  4-ihonth-old  girls  oriented  to  the  speakerjnore  often 
than  the  low-vocalizing  girls  (8  versus  2  sec;  p  <  0.05).  The  differences 

^  for  boys  were  the  reverse  of  those  for  girls.  High-vocalizing  boys  ori- 
ented less  often  toward  the  speaker  than  low-vocalizing  boys  (4  versus  8 
sec;/)  <0X)5).  If  orientation  toward  the  source  of  the  human  voice  at 
8  montl^^  is  regarded  as  a  partial  intlex  of  a  tendency  to  attend  to  inter- 
esting auiUtory  stimuli,  this  disposition  is  predicted  by  frequent  vocali- 
zation in  ifie  4^ionth-old  giri,  but  by  infrequent  vocalization  in  the 
4-month-old  W^./  ♦ 

A  second  soiijce  of  support  for  the  hypothesis  that  vocalization  Is  a 
more  faithful  index  of  attentional  processes  in  girls  than  in  boys  comes 
from  the  covariati6n  between  duration  of  first  fixation  and  vocalization 
at  4  months.  The  distribution  of  first  fixation  times  to  each  stimulus 
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was  split  into  thirds,  and  the  distribution  of  vocalization  into  halves 
(i.e.,  equal  to  or  greater  than  I  se^  versus  less  than  I  sec)  for  each  trial. ' 
Thc'^robability  of  vocalizing  1  sec  or  more  increased  linearly  with 
leijgth  of  first  fixation  for  girk,  but  was  independent  of  fixation  time 
for  boys. 

Dxt  pattern  of  intercorrelations  at  8  months  furnishes  additional 
support  for  the  attentional  significance  of  girls'  vocalization.  Boys  and 
girls  were  equally  likely  to  vocalize  at  Ihe  end  of  each  of  the  auditory 
recitations  at  8  months.  But  the  vocalization  was  positively  as$ociate.d 
with  magnitude  of  cardiac  deceleration  (one  index  of  orientation  to  an 
event)  on  the  preceding  trial  for  girls,  but  not  for  boys.  For  example, 
the  correlation  between  vocalization  fallowing  the  high-meaning-high- 
inflecfion  stimulus  and  magnitude  of  cardiac  deceleration  during  the 
presentation  of  the  stimulus  was  0.36  (/>  <0.01)  for  giris  and  only  0.01 
for  boys.  Th4  giris  who  vocalized  Jifter  voice  stimulation  showed  the 
largest  cardiac  decelerations  in  response  to  the  voice.  Inasmuch  as 
cardiac  deceleration  is  one  reasonable  index  of  quieting  in  the  service 
of  attention,^'*^'-^^  the  girls'  babbling  seems  more  cleariy  in  the  service 
of  attentional  processes  than  the  babbling  oT  boys. 

A  fourth  line  of  evidence  is  based  on  the  giris'  differential  vocaliza- 
tion in  response  to  the  faces.  Ir\  the  first  presentation  of  the  faces,  the 
girls  vocalized  more  in  response  to  the  most  regular  representation 
(photo  regular)  than  to  the  schematic  representation  (schematic  regu- 
lar), whereas  the  boys'  vocalizations  were  equivalent  (2.2  versus  1.5  ^ec 
for  giris;  2.5  versus  2.4  sec  for  boys).  Similariy,  the  giris  vocalized  twice 
as  long  riyresponse  to  the  regulaf  clay  face  as  to  the  scrambled  clay  face 
(3.7  versusSy?  sec);  the  boys'  scores  were  almost  equal  (2%  versus  2.8 
sec).    .  ^ 

This  differential  vocalization  is  supported  by  an  independent  inves- 
tigation of  32  giris  and  32  boys,  6  months  old,  who  viewed  achromatic 
faces  and  geometric  forms  in  the  same  series.  The  giris  vocalized  sig- 
nificantly more  in  response  to  the  faces  tharrto  the  forms;  the  boys' 
vocalizations  were  equal  for  both  classes  of  stimuli  (Lewis  and  Kagan,  < 
unpublished). 

The  special  link  between  eariy  vocalization  and  indexes  of  level  of 
cognitive  development  in  girls  is  supported  by  the  research  of  others. 
Infant  giris  6*1 2  months  old  with  high  scores  on  a  vocalization  index 
•  derived  from  the  Bayley  Infant  Intelligence  Scale  had  high  Stanford- 
Binet  IQ  scores  during  the  period  from  6  to  26  years  of  age  (correla- 
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tions  ranged  from  0.40  to  0.60  during  adolescence  and  early  adilft- 
hood).  There  was  no  relationship  between  the  boys'  vocalization  scores 
and  IQ  during  the  later  years.*  Only  the  giris'  early 'babbling  previewed 
a  future  level  of  cognitive  development. 

A  final  source  of  evidence  is  a  longitudinal  study  in  London  ia  which 
41  boys  and  35  giris  were  seen  at  the  ages  of  6  and  1 8  months  and  2.  3. 
4,  5,  and  8  years."  At  6  and  18  months,  each  child  was  assigned  a 
speech  quotient  from  the  Griffith's  Infant  Scale,  which  assessed- spon-  • 
taneous  babbling  at  6  months  and  use  of  words  at  1 8  months.  Although 
there  were  no  sex  differences  in  mean  speech  quotient  at  6  or  18 
months,  the  speech  quotient  was  more  stable  from  6  to  1 8  months  for 
giris  than  for  bo/s  Xr  =  0.5 1  for  girls  versus  0. 1 5  for  boys).  Further- 
more, the  speech  quotient  at  6  months  predicted  vocabulary  level'at  3 
years  for  girls  (r  =  0.52,  p  <  0.01  )'but  not  for  boys  (r  =  -0.0 1 ). 


SUMMARY 

Despite  different  procedures,  populations,  and  a  priori  hypotheses,  the 
data  from  Cambridge.  Yellow  Springs,  Berkeley,  and  London  are  re- 
markably concordant  in  suggesting  that  babbling  in  response  to  human 
faces  or  voices  is  more  stable  for  giris  than  for  boys  during  the  first 
year  and  a  better  predictor  of  future  indexes  of  level  of  cognitive  de- 
velopment for  giris  than  for  boys.  There  are  at  least  two  possible  inter- 
pretations of  this  empiric  generalization.  It  can  be  argued  from  a  purely 
environmental  position  that  mothers  who  ara  motivated  to  accelerate 
their  daughters'  mental  development  are  lively  to  spend  a  lot  of  time  in 
face-to-face  vocalization  with  them-more  time  than  they  would  witti  . 
sons,  and  more  time  than  would  mothers  who  are  not  overiy  concerned 
with  their  daughters'  rate  of  development.  A  mother's  face-to-face  vo- 
calization should  lead  to  increased  levels  of  babbling  in  her  daughter." 
However  such  a  mother  would  also  be  expected  to  continue  to  stim- 
ulate her  daughter  and  w^ould  probably  teach  her  words  early  and 
encourage  the  development  of  other  skills  that  are  measured  on  intelli- 
gence tests.  The  predictive  link  between  eariy  babbling  and  later  cogni- 
tive abilities  woula  be  a  function  of  the  continuity  of  a  m^other's  accel- 
eration of  her  daughter's  development.  The  absence  of  this  predictive 
link  between  infant  vocalization  and  cognitive  development  in  the  boy 
would  require  the  assumption  that  accelerating  mothers  do  not  prefer- 
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'cntially  engage  in  face-to-fac?  vocalization  with  their  sons.  Preliminary 
^data  support  this  assumption.  Observations  of  mother-infant  interac-  , 
tions  in  the  hoirte  reveal  that  well-educated  mothers  engage  in  more  dis- 
tinctive facc-to*||ffSi^ jXpcalization  with  their  daughters  than  do  less- 


daughters  than  that  of  their  sons.  ,  "  " 

A  second  in^rpretation  has  a  more  bidlogic  flavor  iwd  holds, that 
there  Is  a  basic  sex  difference  in  neuromotor  organization,  it  is  possible  . 
that  vocalization  is  more  prepotent  for  girls  than  for  boys  as  a  behav- 
ioral reaction  to  the  arousal  occasioned  by  the  processing  of  interesting  . 
stimuli.  This  more  speculative  position  finds  some  support  in  natunrt 
observations  in  primates.  Among  the  langur  of  northern  India,  for  ex- 
ample, squeals  and  screams  are  observed  more  frequen.tly  among  fe- 
males than  among  male$.^^  More  important,  however,  is  the  generally 
accepted  premise  that  closel;^  related  strains  or  the  sexes  within  a  strain 
can  differ  in  their  typical  reactions  to  states  of  arousal.^ Fnis  gen- 
eralization might  hold  for  male  and  female  infants  with  respect  to 
early  vocalization. 

^Asidc  from  po^iible  sex  differences  in  the  significance  of  vocaliza- 
tion, it  is  to  be  noted  that  both  vocalization  and  fixation  time  displayed 
better  stability  from  8  to  13  months  among  girls  than  among  boys.  In- 
deed, there  was  minimal  continuity  for  the  boys.  This  finding  is  paral- 
leled by  data  on  older  children,  indicating  greater  long-term  stability  for 
girls  on  a  variety  of  cognitive  dimensions,  including  intelligence  quo- 
tients* and  decision  times  in  problem  situations.^^  Although  it  is  pos- 
sible to  explain  the  older  girls*  greater  continuity  as  a  result  of  social- 
ization experiences,  there  may  be  some  biologic  basis  to  this  sexual 
dimorphism  in  cognitive  functioning.  Girls  manifest  greater  stability 
than  boys  on  a  variety  of  physical-growth  variables,  including  onset  of 
ossification  centers,'*  and  Achcson"  has  conclud^  that  *'in  almost 
every  respect  the  physical  development  of  the  female  is  more  stable 
than  that  of  the  male  "(p.  497).  The  biologic  processes  that  mediate 
girls'  more  stable  physical  growl    .<ay  also  be  partly  responsible  for 
their  more  impressive  stability  in  psychologic  dimensions  during  in- 
fancy, as  well  as  later  childhood.  At  the  least,  the  data  question  the 
popular  myth  of  female  unpredictability; 
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DR.  KAGANt  I  want  to  add  to  the  Tast  empiric  generalization  summarized  in  my 
paper,  dealing  with  the  changing  control  of  Tixatioa  time  in  the  young  infant. 
The  second  generalization,  which  1  hold  with  a  Utde  less  confidence  than  I  do 
'  the  first,  is  an  idiographic  issue,  rather  than  a  nomothetic  one. 

W^noticed  both  at  the  Fels  Research  Institute  and  in  Ciimbridge  a  covaria* 
jlion  between  the  style  of  the  child's  habituation  and  his  pattern  of  play,  and  this 
story  takes  us  to  age  7  and  reading  ability. 

We  put  children  at  three  ages  in  a  free-play  situation.  (These  are  the  same 
'  longitudinal  studies  itom  which  we  gathered  the  previous  data.)  At  8  and  13 
months,  a  child  is  placed  m  a  room  about  1 1  ft^uare  (the  mother  is  asked  to  sit 
in  a  chair  and  not  say  anything),  is  given  ag^appropnate  toys,  and  is  allowed  to 
play  for -about  a  quarter  of  an  hour.  We  code  the  rate  at  which  the  child  change 
his  attentiotial  involvement. 

Some  children  pick  up  a  toy,  play  with  it  for  10  sec,  drop  it,  pick  up  another 
toy,  drop  it  in  S  sec,  and  so  on.  Another  child  picks  up  a  toy  and  stays  with  it 
for  a  minute.  He  does  not  do  anything  more  creative  with  the  toy-he  does  the 
.  same  thing  that  the^other  child  does;  but  he  does  not  turn  his  attentior\  from  it 
so  quickly. 

There  appear  to  be  stable  individual  differences  in  the  rate  at  which  children 
change  attentional  involvement.  Moreover,  there  is  a  conelation  for  boys,  but 
not  for  girls,  between  rate  of  habituation  to  visual  stimuli  at  4  months  and  pat* 
tern  uf  play.  Specifically,  rapid  habituators  at  4^nths  show  a.fast  tempo  of 
play  at  8  months,  with  many  act  changes  in  their  IS*min  free-play  period, 
whereas  children  who  are  slow  habituators  at  4  months  show  long  periods  of 
attentional  involvement  in  play« 

At  27  months  of  age,  the  children  play  in  a  larger  room,  decorated  as  a  living 
fxx»m.  The  roothir  sits  on  a  couch  reading  a  magazine,  and  a  new  set  of  toys  is 
introduced.  We  record  the  duration  of  each  attentional  involvement  during  the 
half-hour  session.  Children  27  months  old  tend  to  play  with  a  toy  for  30  sec  be- 
fore they  turn  their  attention  from  it,  but  there.are  dramatic  individual  difTer* 
ences.  Some  children  have  a  modal  attentional  involvement  of  20  sec  with  no 
.  act  tasting  longer  than  1 00  sec.  Some  have  a  mode  of  40  sec  with  many  ^icts  that 
last  2  or  3  min. 

We  then  asked  whether  there  was  a  relationship  between  tempo  of  play  zX  8 
months  and  at  27  months  of  age.  There  was  for  boys,  if  one  Ipoked  at  the  ex* 
ticmes.  That  is,  fast-t^mpo  hpys  at  8  months  tend  fi(  be  fast-tempo  boys  at 
27  months. 
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We  believe  thai  tempo  of  play,  like  any  befuivior«  is  determined  by  multiple  \ 
factors.  Obviously,  the  richer  the  sei  of  hypotheses  the  child  has  for  a  particular 
object,  the  longer  he  will  play  with  it.  But,  as  a  working  idea,  we  suggest  that 
there  may  be  a  biologic  variable  that  exerts  some  influence.on  the  tendency  (or 
a  child  to  develop  into  a  fast-  or  slow^empo  person.  When  we  compared  nine 
boy%  who  were  slow-tempo  versus  nine  who  were  fast-tempo  at  27  months, 
the  slow-tempo  boys  had  sli^tly  shallower  habituation  curves  ai  4. 8,  and  13 
months,  with  the  difference  greatest  at  4  months.  The  differential  habituation 
curves  to  the  faces  at  4  months  suggest  that  there  is  a  tendency  for  fast-tempo 
boys  to  have  been  rapid  habituators  as  infants.  We  should  remember  that  we  ace 
uiking  about  the  top  and  bottom  I09t^.  and  not  the  whole  population. 

We  have  worked  for  severd  years  on  a  psychologic  dimension  in  school  age 
children  that  we  call  *'rcnection-impulsivity."  This  tendency  is  assessed  in  a  per.  » 
ceptual  jiuU:t)-to-standard  test  in  which  the  ch;ld  is  shown  a  picture  and  must  ^ 
pickJrom  a  set  of  six  or  eight  variants  the  one  that  nutches  the  standard.  Some 
children  offer  thei;  first  hypothesis  in  4  sec,  and  they  jre  often  wrong.  Some 
wait  30  sec  and  are  usually  Correct.  Tht  former  are  walled  **impulsive,"  the  lal-  • 
ter.  "reflective."  The  correlation  between  errors  and  response  time  on  this  task 
IS  typically  negative.  I 

The  tendency  to  be  reflcLtive  i)f  impulsive  geneiuli/es  ucruss  test^apd  tasks 
We  also  found  that  this  tendency jcnds  to  be  stable  over  short  (12  weeks)  or  long 
tl-2year«)  periods.  i  ' 

What  mikes  a  child  reflective  or  impulsive?  Most  of  the  variance,  we  believe, 
is  due  to  psychodynamic  factors  related  to  anxiety  over  error.  If  a  child  is  anx* 
lous  over  making  a  mistake,  he  is  likely  to  be  reflective.  If  he  is  not.  he  is  IikeJy 
to  be  impulsive.  But  when  we  look  at  extreme  children  2ind  match  them  on  socul 
class  and  intelligence.  I  am  persuaded  that  a  few  impulsive  children  would  tjnd  it 
difficult  to  be  reflective,  and  a  few  of  the  reflective  children  would  find  it  diffi*  ^ 
cuh  to  be  impulsive.  We  suggest  that  fast-habituating.  fast-tempo  infants  have  a 
slightly  higher  probability  of  ending  up  impulstves.  rather  than  rcflectives,  jsa 
result  of  biologic  variables. 

We  believe,  moreover,  that  impulsive  children  are  mote  likely  to  make  cuor> 
in  school  tasks  when  reflection  would  be  an  advantage  (Child  Develop.  Jb  bOi- 
628. 1965),  We  selected  children  who  were  either  reflective  or  impulsive,  but 
>  wh6  were  of  equal  intelligence,  and  gave  them  a  test  to  see  the  kinds  of  read- 
ing errors  they  would  make.  A  child  was  given  a  card  on  which  were  printed 
"moon.*'  "boom."  "st.K)n."  and  "room  "  The  examiner  then  said  one  of  the 
words  and  asked  the  child  to  point  to  it.  Impuhive  children  made  many  more  , 
Errors  than  reflective  children.  A  year  later,  we  asked  the  ^me  childreii  to  read 
a  paragraph  of  prose.  The  results  will  nut  be  !iurprising,  the  impulsive  children 
made  many  more  errors,  adding  suffixes  and  usually  missing  initial  graphemes 
^  (saying  "trick"  for  "truck"  or  "wagon"  for  "witch").  These  errors  uvcurred 
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more  commonty  for  ihc  imputsivc  than  foi  ihc  refleciivc  children.  Only  one 
type  of  error  ^as  more  fiequeni  for  ihe  refleciive  children.  They  more  fre- 
quently correcied  a  mistake  sponUieously.  The  refleceovc  child  might  sayi 
"The  dog  ran -no,  no- the  cat lan/' 
^      Some  evidence  that  tempo  of  play  has  a  biologic  component  comes  from  a 
study  of  twins  done  by  Christine  Rcppucci  She  saw  monozygotic  and  dizygotic . 
twins  in  ihe  free-play  situation  described  earlier  and  also  had  thcmJook  at  viiual 
stimuli  The  results  suggested  heiitability,  for  this  population,  for  tempo  of  play 
at  8  months  and  rate  of  habituation. 
DR  CWANAGM  Do  your  dau  permit  you  to  say  anything about  the  fluency  of- 

these  children*  their  use  of  language? 
UK  KKQAH  We  thought  that  theie  would  be  a  coneiation  between  language  flu- 
ency and  impulsiveness,  and  WtJIiam  Waid  of  the  Educational  Testing  ServKe  ran 
a  study  (unpublished >  of  the  fluency  ol  jwibal  resources  oi  fluency  of  ideas.  We 
were  hoping  that  the  impulsive  children  would  have  greater  fluency,  out  the  cor** 
relation  was  low  and  nonsignificant 
tiK  OUNDI^RSON  Did  you  find  any  understanding about  language  acquisition? 
DR  Kao  an  The  correlatpvn  between  verba]  resourcesandimpulsivity  is 0  is  for 
^Hjys  and  insignificant,  and  about  0 JO  for  girls  In  generaK  reflectivity  is  cone* 
fated  with  verbal  to  Others  have  found  thai  verbal  fniency  is  more  highly  corre- 
lated with  verbal  tg  m  girls  than  in  bovs 
UK  LiNDSLi^v  Do  youassocute  redectivity  with  perseverance, m  the  sense  that 
a  person  stayrwi'th  a  thing  longer"^  There  is  a  two*  or  three-pronged  aspect  to 
this  question.  A  study  done  several  years  ago  on  activities  that  were  started  and 
then  interrupted  tried  to  find  out  whether  subjects  would  resume  the  same  ac* 
ttvity  af  tel  the  interruption  There  was  some  evidence  of  perseverance,  and  I  am 
sure  you  have  seen  that  m  antnul  studies  when  you  interrupted  the  system  ' 
through  the  cortex 

In  relation  to  active  children  and  what  you  called  the  ''fast  tempo"  group  All 
of  us  tend  to  walk  fast  oi  slow,  and  the  temporal  factors  characteristic  of  a  per- 
son may  be  biologicUJIy  inherent  or  acquired  I  am  interested  in  whether  reflec- 
tivity had  an  aspect  of  perseverance  or  long-term  attention,  and  whether  these 
arc  advantageous  features  It  seems  to  me  that  we  must  have  people  who  can  at- 
tend to  what  they  are  working  on  long  enough  for  information  exchange  to  take 
place*  but  who  need  not  hang  on  so  lung  that  they  i^not  break  off  and  pay  at* 
tention  to  something  else 
DH  K  AC  AN  When  II  Khool  age  child  becomes  involved  in  a  task  for  which  there  li 
a  correct  or  an  incorrect  solution,  he  reflects  foe  a  variable  perwd.  It  seems  to  me 
that,  although  an  impulsive  child  does  not  care  about  failure,  a  reflective  child 
does  not  like  to  have  a  failure  on  his  record  and,  therefore,  perseveres  I  do  not 
want  to  suggest  that  reflective  children's  behavior  is  superior  or  better  m  ail  situ* 
ataons.  It  depends  on  the  task  I  br lievc  that  we  are  viewing  in  these  data  an  a$- 
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peel  of  a  varubltf  thai  has  always  been  picscnt  in  nun*s  dcscripUutt  ol  man. 

i  Hippociatei  ulked  of  the  sdxiguinc,  cholciiJ,  and  phlegmatic  types,  and  Jung 
(alked  about  Vitiovei^ioaand  cxttovmion.  These  teim^  capture  a  stable  char* 
sclenslic  of  hinun  beings,  and  we  think  that  the  leflection-impuUivity  dinien*  . 

.*  sion  isielaled  \  these  tv  p^logies 

t>|t  YOUNC  Did  ^u  find  any  mteihgencc  differences  between  the  rellective  and  . 
ihc  irnpulsive  types'* 

DR.  KAGAN  Girls  show  a  higlurr  torrelation  between  ret1e<.tivrtv  and  verbal  iq 
than  boy^s.  arid  that  is  a  consistent  finding.  But  the  correlation  is  not  high  enougji 
.  to  suggest  that  these  are  similar  processes.  Dr.  Keogh  has  some  inteieslmg exper- 
iments that  would  help  us  to  understand  these  data  and  ttut  also  relate  to  Dr 
Speny's  ideas  on  cerebral  dominance  .  . 

OH  Ki  or.H  ^lost  of  (he  iradiiional  tests  ot  spatial  orientation  have  been  papei- 

and»pencil  tests  Youngsiers  are  aiked  u>jcopy  a  pattern  to  sec  whether  ihe>  can 
,  produce  Hmiethin^  like  the  origiruMlieAhild  is  usuall>  :»itung  in  a  reUtively  sta> 
lionaiy  position,  and  the  refeienU*  points  are  clearl)  defined  for  him  We  have 
been  askmg  children  to  walk«  a  three-dimensional  aclivttv ,  to  reproduce  some 
rather  simple  pattenw*  ani^  ii  is  very  interesting  to  observe  iKeir  behivior ,  T.hcrc 
was  a  definite  differei  ce  between  boy^  and  girls  in  the  production  ol  simple  and 
•  complex  forms  We  asked  out  children  to  pretend  the>  had  paint  on  the  butloms 
of  their  fc-ei.  and  to  make  a  tive-pomtcd  star,  or  to  make  one  lu  the  sand  b> 
walking  in  ii,  whic^  was  something  relatively  easy  for  them  to  do.  We  noticed  in 
an  early  study  iKeogh  and  Keogh-  Amer.  J.  Mental  Del.  71  100<»-1013,  mi) 
that  normal  British  Schoolboys  aged  eA*J  >ears  showed  impruvcjnenl  with  age  in 
their  ability  to  nuke  these  patterns  b>  walking  Later,  in  thiscountr>\  where  we 
were  working  with  8-  and  9.>car*old  normal  ytuingsters.  we  asked  them  to  walk 
^patterns  under  ihiee  conditions  One  was  to  walk  on  the  open  tloor  with  no  ref- 
erence points  defined,  the>  were  told  in  essence,  "You  can  walk  anywhere  in  the 
room  that  you  want  to.  nuke  the  pattern  any  si/e  you  want,  in  any  position  you 
want  "  Another  wan«>  walk  ihc  ^amc  pattern  on  a  9-  by  9  ft  pbm  linoleum  mat. 
this  vondittHH  limited  the  spawe  to  be  used  and  supplied  structure  to  the  field 
And  m  the  third  tvst,  tia*  mat  was  covered  with  very  f*nc  smd  %o  tliat  the  loot 
prrnis  kit  a  ^\iod  pattern 

We  found  with  boys  that  they  got  belter  under  the  three  conditions  and  were 
best  4^n  the  sand  they  made  very  precise  tigures,  with  accurate  angles  and  so 
fup^h  Vmne  8-  or  9  yeai-old  normal  girls  walked  the»e  patterns  under  the  samjp 
conditions  as  for  tlie  boys  There  were  some  differences  m  pattern  orientation, 
and  the  boy  s  were  sigjtiilicanily  better  at  producing  precise  figures  (Keoglu  sub- 
mitted for  pubhcaiion) 

There  are  many  reasons  why  this  might  be  <o,  but  it  is  prob.»blv  ntmply  tliat 
girls  |ust  do  not  use  the  available  cues.  The  differences  were  dramatiy  not  only 
in  the- precision  of  the  patterns,  but  aKi>  in  the  sort  of  organoattonal  system 
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mcd  Tu  be  spccjfiw  unc  uf  the  pMctns  was  a  Irwngle  imtde  4  cticlc.  Almost 
without  exception,  the  boy?,  walked  a  cade,  then  stopped,  ^omctwncs  iicppmg 
off  the  mat  or-the  ^anu,  and  then  nude  ihe  mangle  We  have  obscived  that  girls 
iUtempied  to  make  the  patterns  in  one  contmuous  line  as  if  a  weie  all  one  big 
pattern;  tfiey  did  nut  wem  to  br<ak  it  down  mto  parts. 

One  of  our  pattcins  was  two  circles  m  a  horfeontal  plane  Wc  have  had  a  num- 
ber of  girls,  but  fewer  boys,  who  walked  a  figure  "H/*  We  lecl  we  have  come 
across  someiliing  that  is  fairly  specific  in  perceptual  abilities,  niimcly,  a  s«t 'differ- 
ence in  spatial  prrccpUon  All  these  children  can  discriminate  beiweert  the  patteihs 
and  all  Un  draw  tlieni 

We  have  also  found  { k\ogh,  Amer")  Mental  Def ,  m  pr fss)  tliat  retarded 
youngvtt^s  are  very  disonenied.  One  soineiiincs  wonders  how  they  ever  get 
hanie,  bt^ause  they  really  do  not  seem  to  know  where  they  ure- 
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» 

The  intake  and  processing  of  information  bv  >uung  infants  in  a  rcla- 
lively  new  field  of  study,  even  though  there  haN  been  a  rapid  accelera- 
tion ol  rtsearch  efforts  during  the  last  dtCadc.  It  ivtoo^on  to  give  a 
dear  picitire  ol  the  visual  world  of  the  infant  or  to  attempt  to  state  the 
basic  principles  iiindcr!>ing  early  perceptual  development  and  acqiusi- 
tion  of  visual  .information!  (Vrtainly.  it  is  too  dpon  to  select  with  confi- 
dence the  fi«tHni3s  that  ^hW  prove  to  be  of  mO!l|  value  in  understanding 
the  eventual 4tRH|iment,  y  la^ck  oCaltainment/vf  complex  perceptual 
performanccN  b>  the  child  and  aduTf, \\  will  havi;  to  suffice  to  point  out  ' 
some  ol  the  issues  m  Ihe  field,  to  describe  some  promi'slng^pproaches 
to  them,  and  to  presetat  a  highly  selected  samphngol  data  already  ob- 
taineir  The  material  jo  be  a^vered  u  heavily  influenced  by  the  view- 
points  ol  one  invest  Jator.m  the  field  and  by  the  research  that  has  re- 
cently  been  done  \\\%\\:  r»i|?oralory  ftie  Perceptual  IX^velopment 
Laboratory  ot  CaseWestem  Reserve  University. 

Hie  field  of  early  {xmpUial  developo^ent  can  be  conveniently  di« 
vided  into  four  interrelated  |opics.  visual:  motor  coordination  and  spa- 
tial locah/ation,  visual  j^\soiution  and  disciiinination  capacitie*.  visual 
preferences  and  oljier  selective  responses  to  visual  stimulation,  and  the 
retention  of  visuaUhformatinn  and  other  effects  of  yi^ual  experience. 


ROBERT  L.  FANTZ 


-VISUAL-MOTOR  COORDINATION 

Because  tfiis  topic  is  covered  by  other  papers  of  this  conference,  my  rc- 
^  marks  here  will  be  limited  to  emphasizing  the  distinction  between ^thc 
first  two  topics.  Visual-motor  coordination  is  the  primar-y  determinant 
of  spatial  localization. aod  accurate  directed  responses,  whene^as  visual 
disci^mination  capacity  is  the  primary  detenmnant  of  the  m^e  of  yi* 
sual  mformatidn,  assisted  by  visual-motor  coordination  to  tl^e' degree 
that  it  may  exi^t.  This  distinction  raises  an  issue  of  historical  import 
tar>ce:  By  what  response  indicators  shall  visual  perception  be  nieasu/^d 
in  the  yourfg  infant?  For  many  of  the  early  investligators  (e.g.,  Gesell 
eial,^^  Ling,^"*  and  McGraw^' )  visual  perception  was  operationally  de* 
?jned.as  the  .ability  to  successfully  fixate,  pursue,  and  grasp  an  objects 
Because  these  abilitiei*  were  found  to  be  initially  poor  or  absent  and 
'only  jj^dually  perfected  during  the  early  weeks  or  months  of  life,  the 
assumption  was  that  other  important  aspeds  of  visual  perception,  es- 
pecially the  ability  to  distinguish  the  form  and  patterning  of  objects,  • ' 
were  similarly  slow  in  developing.  But  lack  of  precision  in  oculomotor 
^A;oardir\ation  or  accommodation,  or  even  severe  impairment  of  ih^t 
functions,  doe;^  not  Seclude  the  ability  to  see,  although  it  interferes 
/with  the  most  effective  use  of  vision.  This  may  be  illustrated  by  the  evi- 
dence fro(n  patients  with  congenital  cataracts,  who,  soon  after  opera- 
tion, sometimes  were  able  to  distinguish  between  (as  distinct  from  nam- 
ingl  different  colors  and  forms,  in  spite  of  lacking  a  lens,  having  minimal 
^cul^^o>or  practice,  and  often  having  spontaneous  nystaginus.^**^ 

precise  coordination  in  fixating,  pursuing,  and  grisspingan 
oj^lf^oes  not  indicate  whether  the  form,  size,  color,  solidity,  or  any 
^ha  ittrjhute  of  the  object  is  discriminate.  Good  visuabmotor  co- 
)r<itnatKm  imd  spatial  localization  are  as  phylogenetically  old  as  the  ver- 
'  tcbrat^  eye,  but  the  ability  to  discriminate  complex  forms  has  only 
^gra^|l^;}ily  evolved, 

.  Ah  obvious  answer  to  the  question  of  how  to  measureH5Cfce]^Tiwi4n 
thi'  JKlant  is  that  responses  and  experimental  procedures  appropriate  tbs, 
the.jparticular  aspect  of  perception  under  study  should  be  selected.  For 
ineasuring  visual-motor  coordination  and  spatial  localization,  the  pre- 
cision of  the  infant's  response  to  a  single  stimulus  target  is  sufficient. 
For  measuring  discrimination  or  identification  in  nonverbal  subjects,  a 
^  minimum  of  two  targets  is  required,  along  with  the  usual  controls  nec- 
".essary  for  a  reliable  discrimination  experiment.  The  nature  or  precision 
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of  the  response  is  not  critical,  as  long  as  the  subject's  choice  between 
stimuli  differing  in  some  dimension  can  be  determined  without  ambigu- 
ity. The  visual  flotation  response,  in  particular,  is  sufficiently  coordinated 
even  in  the  newborn  infant  to  indicate  the  choice  of  one  or  another 
target.  Recent  studies,^* with  more  accurate  measurement  and 
better-controlled  stimulus  conditions  than  most  of  the  earlier  work, 
have  generally  found  the  neonate  to  possess  better-developed  abilities 
to  fixate,  converge,  pursue,  and  accommodate  than  had  been  realized. 

VISUA  L  DISCR/MINA  TION  . 

Visual-discrimination  tests  in  nonverbal  subjects  have  traditionally  used 
discrimination  training  or  other  conditioning  procedures.  Until  recently, 
these  procedures  wjerfe  not  thought  to  be  applicable  to  the  infant  in  the 
early  months,  owing  to  the  lack  of  coordinated,  visually  directed  re- 
sponses, as  well  as  to  the  lack  of  adequate  learning  abilities.  But  ad- 
vances in  technology  have  made  feasible  the  conditioning  even  of  new- 
botn  infants  (see  the  following  presentation,  by  Lipsitt)  and  have 
opened  up  wide  possibilities  for  discrimination  testing  in  young  infants, 
fn  particular.  Bower*  was  able  to  demonstrate  }n4he  2Tmontb-old  in- 

'  fant  a  number  of  phenomena  cf  spatial  perception,  including  depth  dis- 
crimination, orientation  discrimination,  size  constancy,  and  .shape  con- 
stancy. He  first  conditioned,  using  "peek-a-boo"  as  reinforcement,  a 
head-turning  response  jo  a  particular  object,  and  then  tested  for  dis-  ^ 
crimination  among  this  and  other  ojijects  differing  in  specified  ways. 

Most  of  the  available  information  on  discrimination  capacities,  es- 
pecially pattetn  discrimination,  in  the  eariy  months  of  life  has  come 
from  the  visual-preference  method.  This  approach*  to  disc^rimination 
testing  measures  ^he  untrained  di^rential  responsiveness  to  two  or 
more^stimulus  tar:gets.  The  consistent  tendency  of  the  infant  to  look 
longer  or  more  often^at  a  particular  target  in  repeated  exposures,  with 
position  and  other  extraneous  factors  controlled,  indicates  both  the 
ability  to  distingiiish  a  stimfllus  difference  and  the  selection  of  a  par- 
ticular stimulus  for  attention.  Of  course,  the  absence  of  a  differential 
response  may  indicate  either  inability  to  discriminate  or  equal  interest 
among  the  targets.  This  limitation  has  proved  not  to  be  serious,  in  view 
of  the  wide  range  of  stimulus  attributes  that  have  elicited  visual 
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The  queMion  asked  in  the  early  visual-preference  experiments  was 
how  soon  the  infant  began  to  see  patterned  stimulation,  the  source  of 
most  visual  information.  The  controversy  between  those  who  argued 
that  the  infant  requires  a  long  i)eriod  of  visual  experience  and  learning 
and  those  who  insisted  that  the  infant  requires  a  long  period  of  post- 
natal maturation  was  eventually  jQ^elvelSby  the  finding  that  even  the 
newborn  infant  can  resolve  and  discriminate  partems.*'*^*"*'^^*^^  But 
there  remained  three  issues:  When  does  the  visual  system  first  become* 
capable  of  function?  What  are  the  discrimination  capacities  at  various 
maturational  levels  after  that  beginning  point?  What  are  the  specific* 
contributionsof  postnatal  experience  to  the  initial  primitive  level  of 
perception?  Research  on  the  last  of  these  will  be  discussed  below.  Re- 
garding the  first  and  second  issues,  some  very  recent  work^^  has  pro- 
vided the  most  relevant  information,  as  well  as  incidentally  giving  the 
most  extensive  aij^i  most  reliable  data  available  on  differential  visOal 
responses  in  newborn  infants.  These  results  will  be  summarized  here. 

Miranda^^  tested  a  group  of  27  premature  infants,  less  than  38  weeks 
after  conception  but  after  various  periods  in.an  incubator,  and  com-  * 
pared  them  with  27  full-term  infants  averaging  3Vi  days  of  age.  Our 
paired-comparison  visual-preference  technique  >^  was  modified  to  the 
requirements  of  the  small  and  immature  subjects.  The  infant  was  se- 
cured in  a  semireclining  position  in  a  form-fitting,  adjustable  seat  and 
rolled  under  a  stimulus  chamber  (Figure  I ).  The  chamber  was  relatively 
homogeneous  inside,  except  for  two  stimulus  targets  (mostly  5-in. 
squares)  placed  side  by  side  I  ft  from  the  infant  and  about  I  ft  apart 
from  center  to  center.  Each  of  14  pairs  of  flat,  achromatic  targets 
(Table  1)  was  exposed  for  two  lO-sec  periods  with  reversed  left  and 
right  positions  on  the  second  period.  Vertical  striped  patterns  of  three 
widths  were  each  paired  with  gray  to. determine  the  smallest  pattern 
that  would  be  discriminated  from  an  unpattei;ned  target,  as  ai-ough  es- 
timate of  visUa[  acuity.*^  Listed  next/re  three  steps  in  a  **complexity*' 
dimension,  using  a  series  of  white  squared  cpmaining  0,  1 ,  4,  or  1 6 
black  squares,  regularly  arranged.  In  the  next  three  pairs,  linear  ve^us 
curvilinear  forms  or  arrangement  were  opposed,  but  with  white  :  black 
ratio  and  length  of  contour  equated.  The  remaining  five  pairs  of  as- 
sorted and  often  multiple  stimulus  variations  were  taken  from  previous 
studies  indicating  differential  responses  by  newborns  or  infants  in  the 
eariy  weeks  of  life. 

The  reliability  of  the  experimenter,  who  observed  through  a  tiny  hole 
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FIGURE  I  Visual-pfcfcfence  testing  apparatus  in  mock  operatiQn.  So  that  the  baby  could  be 
se«n  in^hc  picture,  the  crib  was  not  set  in  as  far  as  it  would  be  in  normal  operation.  The  ex- 
periiftcnter  observes  through  a  peephole  between  the  targets.  The  second  observer  (standing) 
looks  at  a  rtiirror  above  this  hole.  The  recording  unit  and  timer  can  be  seen  m  the  foreground. 
(From  Miranda. 


ErIc  36?,        ••  - 


ROBERT  L.  FANTZ 


TABLE  1 
Infants^ 


Differential  Visual  Responses  of  Premature  and  Full-Term  Newborn 


No.  Infants  Showinf  Longer  Fixation  of  Left  or 
Right  Stimulus  of  Fair^  '   <  ^ 


Stimulus  Targets 

Premature^ 

FuU-term^ 

Acuity  gratings 

2'in  .'Stripe  d-gray 

> 

22-0 

^•m.-stnped-gray 

23-1  N 

23-3 

i-in.-striped-cray 

lT-7 

10-11 

Gomolexitv  Dairincit.  no  of 

elements 

0-1 

2-21 

3-24 

18-9 

15-11 

f  4-16 

-  20-7 

16-8 

Linear  versus  round 

« 

configurations  % 

Ll-Rl 

14-7 

13-11 

L2-rtC 

12-10 

12-11 

L3-R3 

9-10 

13-10 

Other  stimulus  variations^ 

lA-lB 

22-5 

1^6 

2A-2B 

*  15-5 

17-9 

3A-3B 

21-3 

20-2 

4A-4B 

24-1 

25-0 

5A-5B 

'  7-11 

1  13-10 

^Adapted  with  permission  from  Miranda. 

^Tie  scores  and  incomplete  tests  are  omitted;  results* in  italics  are  significant  (p  >0.05)  by  two- 
tailed  cocrelated  t  test  on  time  Kores  transformed  for  parametric  analysis. 
^Mean  cohceptional  age^  3Sl  Weeks;  mean  postnatal  age.  22l  days;  gestation  varied  from  21  to 
37  weeks.  «  .  *  *  7  • 

^Gestation  was  over  37  weeU;  with  a  mean  of  40  weeks;  age.  not  more  than  ^week.  t 
Top  to  bottom  pairs  shown  jn  Figure  3  as  pairs  1,13  (with  circles  replacing  the  oval  outlines), 
1  It  8i  and  5.  , 


between  the  targets,  in  recording  fixations  was  checked  for  most  of  the 
subjects  by  a  secbnd  ob^er.  This  observer  looked  through  a  hole  in 
^the  celling  of  th^e^ chamber  mto  a  small  mirror  above  the  center  hole, 
^    ,  '^^rdjuste^^o  FefJefcf^Jie  eyes  of  the  infifnt,  and  recorded  without  knowl- 
K.^,^  ^,clge  of  the ;fia!rgets  or  of  the  e^|?erimeft  tter's  recordings.  In  spite  of  infe- 
'^  '^^^^  ^''o^  Observation  conditions  for 'the  seqbnd  observer,  the  results  for  the 
two  were  in  good  agreement;  in  that  the  same  pairs  of  targets  were 
found  eithier  to  show  or  not  to  show  differential  fixation,  and  the  me- 
dian x)f  the  discrcpaqdes  bet;weeh  observers,  disregarding  the  sigq  pf  • 
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the  difference^  was  less  than  2  sec  in  4S6  tests  of  2Q-sec  duration. 

Table  \  pvcs  one^mcasiii^  of  the  differential  responses:  the  fre- 
quency of  longer  fixation  6n  one  or  the  other  target  of  the  pair.  Sig- 
nificant pfeference's  were  shown  by  both  premature  and  full-term 
youps  for  six  of  the  pairs:  the  two  larger  acuity  patterns  over  gray, 
one  square  over  plain  white  in  the  complexity  series,  one  of  a  pair  of 
diverse  black-and-white  patterns  (1 A  versus  IB;  pair  1  in  Figure  3),  a 
large  over  a  similar  small  pattern  (3A  versus  3B;  pair  17  in  Figure  3), 
and  a  sharply  defmed  pat*    i  over  one^^ith  shades  of  gray  (4A  versus 
4B;  pair  8  in  Figure  3).  Significant  preference  was  shown  by  the  prema- 
ture infants  alone  for  an  additional  pair  (one  over  four  squares). 

It  is  evident  from  the  responses  of  the  premature  sample  that  the  var- 
ious parts  of  (he  visual  system  are  capable  of  function  at  least  a  month 
before  the  usuartime  of  birth.  This  conclusion  is  not  altered  by  the  pos- 
sibility that^tlfe  longer  opportunity  for  postnatal  experience  and  oculo-  ^ 
motor  practice  for  the  prematures  had  some  facilitating  effect  on  the 
visual  performances.  However,  such  aK  effect,  tending  to  compensate  for 
the  shorter  period  of  maturation,  is  one  of  the  possible  explanations  for 
the  surprising  degree  of  similarity  in  the  responses  of  infants  that  have 
had  8  or  9  months  to  develop^  Jt  might  even  appear  that  the  premature 
infants  showed  better  pattern  discnininatidn  for  several  pairs.  But  at 
least  in  the  case  of  the  complexity  pairings  this  is  illusory,  for  the  lower 
differential  shown  by  the  full-term  infants  probably  represents  the  begin- 
ning of  an  upward  shift  in  the  preferred  or  "optmial"  complexity  level. 
Evidence  of  such  a       was  obtained  by  a  significant  negative  correla- 
tion between  the  degree  of  preference  for  the  one-square  over  the  four- 
square pattern  and  the  mafurational  teveJ  (age  from  conception)  of  the 
combined  premature  and  full-term  groups.  This  result  hints  of  the  issue, 
to  be  discussed  later,  of  whether  the  age  of  the  infant  should  be  mea- 
sured from  conception  or  from  birth  in  developmental  research. 

On  the  stimulus  side,  it  is  evident  from  these  results  that  both  pre- 
mature infants  (of  the  given  range  of  conceptional  and  postnatal  ages) 
and  full-term  neonatal  infants  can  discriminate  between  patterns  and  * 
plain  surfaces  of  the  same  size  and  light  reflectance,  and  that  they  can 
discriminate  between  different  patterned  surfaces  in  some  cases.  The 
results  cannot  be  considered  to  indicate  the  limits  of  pattern  vision  In 
either  group,  unless  the  optimal  testing  conditions  and  stimulus  varia- 
tion\are  Known.  For  example,  better  visual  acuity  than  hithferto  found 
h«s  be^n  suggested  for  newborn  infants  by  tests  using  both  differential 
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fixation  and  optokinetic  nystagmus  respons^$,  but  with  different'Yanges 
of  pattiirn  size  and  other  differences  in  conditions.^* 

These  and  other  results  from  hewboFn  infants  give  no  .conclusive  evi- 
dence of  ability  to  discriminate  between  two  patterns  that  are  different 
in  form  or  arrangement  but  equated  in  "c^implexity^'or  "quantity," 
such  as  the  linear  versus  round  pairs  of  Table  1 .  But  for  slightly  older 
infants,  such  an  ability  has  been  demonstj:tited  repeatedjy:  differentia-  ^ 
tion  between  irregular  and  regular  arrangements  of  squares  was  suggested 
within  2  weeks  of  age,'^  between  stripes  and  bullVeye  patterns  dur- 
ing the  first  month,''  between  linear  and  circular  configurations  of  line 
segments  by  5  weeks,  and  between  lattice  and  checkerboard  arrange-  ' 
ments  of  squares  by  7  weeks'^  (see  Figure  3,  pairs  '3  and  5).  Another 
study used  a  set  of  four  different  arrangements  of  25  white  squares 
against  a  dark  background,  with  three  of.the  arrangements  being  de- 
rived from  a  five-by-five  matrix  and  differing  only  in  orientation  of  the 
elements.  Differences  in  response  time  increased  with  age  (Figure  2) 
and  became  significant  starting  with  the  group  at  the  age  of  1-2  months. 

It  may  be  concluded  that  within  the  first  2  months  of  life  the  in- 
fant ca^  discriminate  a^iong  patterns  equated  for  total  area,  light:  dark 
ratio^ifumber  of  elemenfsTand  length  of  contour.  On  the  other  hand,  it 
may  be  concluded  that  infants  can  discriminate  from  birth  among  pat- 
terns differing  in  such  measures  as  number  of  squares  in  the  pattern, 
length  of  contour,  and  number  of  "turns"  in  a  random  shape.-^'^^*^^'"*^^ 
Older  infants  have  often  but  not  always  shown  higher  preferred- 
complexity  levels.  Without  getting  into  the  problem  of  defining  "com- 
plexity'^ and  distinguishing  it  from  other  variations  in  patterning,  it  can 
safely  be  stated  that  the  young  infant  can  discriminate  more  than  one 
dimension  of  visual  patterns. 

These  various  developmental  changes  in  responsiveness  to  patterns 
might  be  tjxplained  by  improvement  in  visual  acuity,  by  an  increase  in 
the  number  and  variety  of  discriminable  dimensions  of  patterns,  or  by 
changes  in  the  preferred  points  along  the  discriminated  dimensions.  The 
resolution  of  finer  patterns  with  increasing  age  very  likely  contributes 
to  some  changes,  but  it  would  not  explain  demonstrated  changes  in  pref- 
erence between  patterns  containing  the  same  width  of  lines  or  size  of 
squares;  furthermore,  the  patterns  in  most  studies  have  all  been  well 
above  threshold.  Regarding  the  second  possible  explanation,  additional 
•stimulus  characteristics  undoubtedly  become  discriminable  with  age 
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AGE  IN  MONTHS  (MEDIAN  FOR  GROUP) 

^  * 
FIGURE  2  Relative  visual  attention  to  four  arrangements  of  white  squares,  averaged  for  infants  in  five 

ife  groups,  (Reprinted  with  permission  from  Fantz  and  Nevis.,' ^) 


and  experience  (see  Gibsonl?;)  and  may  result  in  some  preftrence 
changes.  But  this  explanation  is  not  plausible  when  the  patferrf^^a/e" 
found  to  be  equally  discriminable  before  and  after  the  change,  as  in 
the  case  of  a  shift  in  preference  from  on^  to  another  of  two  patterns 
differing  in  com^plexity  or  configuration^  Thus,  some  of  the  changing' 
cannot  be  attributecl  to  the  developr|rient  of  visual  capacities  as  such, 
and  indicate,  instead,  tfie  increased  attention  value  of  some -patterns 
relative  to  others.  Changes  in  visual  selectivity  may  have  as  much  por- 
tent for  perceptual  development  in  the  infant  and  child  as  changes  in 
visual  acuity. 
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VISUAL  SELECTIVITY 

Optimal  perception  of  an  object  requires  the  turning  of  the  eyes  so  as 
to  allow  foveal  examination  of  the  pbject.  This  involves  picking  a  small 
area  from  a  large,  intricate,  and  varibgated  visual  array.  At  a  given  mo- 
ment, this  selection  might  be  due  to  the  intrinsic  attraction  of  some 
stimulus  characteristics;  it  might  be  a  temporary  interest  in  a  stimulus 
due  to  novelty  or  movement  or  proximity;  or  it  might  be  due  to  a  long- 
term  familiarizatioiror  conditioning  process.  Visual-motor  and  discrim- 
ination capacities  set  the  limits  of  what  ifc  infant  can  perceive,  b^t  the 
nature  of  the  environment  and  the  selectmly  of  the  moment  determine 
whnt  {s  perceived  and  hence  what  is  learned  about  or  responded  to.  The 
infant's  experience  is  influenced  just  as  surely  by  a  tendency  to  look 
four  times  as  long  at  one  stimulus  as  at  another  as  it  is  by  the  presence 
of  one  stimulus  as  opposed  to  another.  Therefore,  it  is  important  to 
know  the  basis  of  selection  by  the  infant  arid  how  it  changes  with  age. 
For  this  purpose,  the  visual-preference  method  offers  a  simple  and'di- 
rect  approach,  although  other  relevant  response  indicators,  especially 
for  autonomic  responses,  can  measure  the  "intensity,"  rather  than  the 
duration,  of  attention. 

The  most  general  finding  for  infants  of  all  ages  is  that  a  plain,  non- 
moving,  unpatterned  surface  or  object  of  any  color  or  brightness  is  low 
in  attention  value;  it  is  probably  more  than  coincidental  that  such  a 
stimulus  conveys  little  information.  Conclusions  as  to  the  character- 
istics of  nonmoving  stimuli  that  are  of  high  attention  value  depend 
much  more  on  the  age  of  the  subjects  and  on  the  particular  stimuli 
available.  Among  the  stimuli  that  have4)een  used  to  date,  infants  dur; 
in^  the  early  weeks  of  life  have  looked  most  at  sharply  defined  patterns, 
especially  black-and-white  patterns.  That  was  brought  out  most  clearly 
in  a  longitudinal  study  designed  for  other  purposes-namely,  to  show 
.differences  in  the  rate  of  development  of  visual  preferences  between 
two  selected  groups  of  infants.    *^  The  1 8  pairs  of  stimulus  targets 
(Figure  3)  were  chosen  as  those  most  likely,  on  the  basis  of  past  re- 
sults, to  elicit  definite  intrapair  changes  in  preference  within  the  first 
*  6  months  of  life;  the  specification  of  relevant  stimulus  characteristics 
was  not  the  aim.  Results  for  some  pairs  will  be  given  later.  At  the  mo- 
ment, the  comparison  of  the  responses  among  the  1 8  pairs  is  of  interest 
to  bring  out  the  relative  attention  value  of  broad  categories  of  stimulus 
targets.  It  happened  that  eight  of  the  stimulus  pairs  included  black-and- 
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FIGURK  3  Pairs  of  sUmutus  targets  used  in  the  longitudinal  study  of  selected  home-  and  institution- 
reared  infants  numbered  according  to  ordci  of  presentation  during  each  \^eekl>  test.  Results  in  text  are 
comparisons  among  the  pairs  and  bctv^ecn  the  two  lycmbers  of  some  pairs,  iRepnnted  \Mth  permission 
from  I'antr  and  Ncvis.  -  -  • 


white  pdllerns  (this  includes  repeated  testing  of  pair  1  lullowmg  pair  12 
and  it  includes  pair  8»  onl>  one  or>hose  members  isTjlack-and-while). 
Each  of  the  eight  pairs  was  fixated  longer  than  any  of  the  remaining 
pairs  in  averages  of  the  seven  tests  given  during  the  first  1  months  of 
life.  The  ranking  of  these  pairs,  starting  with  the  highest  response,  was 
pair  12,  K  1  (repeated),  8»  17,  14»  3»  and  13.  The  next  two  highest  pairs 
in  average  fixation  time  (pairs  1 1  and  5)  were  also  sharply  defined  pat- 
,  terns  consisting  of  white  elements  against  a  blue  background.  By  far  the 
lowest  in  attention  value  \vas  pair  IH  (plain  white  and  grayi^lhe  next 
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lowest  were  pair  ^  (bright  a»d  checks  and  squareK  then  pair  16  (flicker-  ^ 
mg  orange  hght  and  complex  pattern  K  and  then  pair  4  (red  pattcmcd 
boards).  On  the  average,  the  eight  black-and-white  patterns  were  fix* 
ated  significantly  longer  than  (he  remaining  pairs  (even  excluding  pair 
IH)  for  each  week  of  age  from  2  through  1 2  However,  this  differential  y 
decreased  considerably  after  K  weeks,  it  disappeared  by  1 5  ^ceks«  and 
wa^^  reversed  later.  The  pairs  contaiamg  facehke  patterns  were  initially 
about  as  high  in  attention  value,  and  dropped  almost  as  mucn,  as  the 
abstract  patterns 

It  would  seem  that  both  the  complexity  and  the  configuration  of  a 
pattern  are  less  critical  determinants  of  visual  attention  early  in  life 
than  Its  contour  definition  or  brightness  contrast  Although  the  sim- 
plest black-and-white  pair  of  patterns  (pair  1 3)  was  the  low^^t  ranking 
of  the  eight,  it  was  fixated  longer  than  many  pairs  of  targets  that  would 
be  rated  more  complex  by  any  definrtion  After  2  months  of  age,  high 
paflern  delinition  was  not  sufficient,  ,ilthough  some  sharply  defined 
patterns  continued  to  receive  long  fixation  times.  Between  4  and  6  » 
months,  widely  diverse  targets  were  of  high  attention  value,  the  top- 
ranking  five  were  pair  7  (mesh  and  wood  object  versus  rotating  red-on- 
yelk>w  diskl,  pair  8  (schematic  face  versus  face* photograph),  pair  15 
(solid  head  model  versus  photograph),  pair  lo  (Egyptian  art  versus 
flickering  orange  globe),  and  pair  2  (brightly  colored  toys). 

Visual  selectivity  and  developmental  changes  wea*  still  more  marked 
in  the  comparison  of  the  lengths  of  response  to  two  stimulus  targets  ex- 
posed together  Thc» selected  results  presented  here  are  based  on  reanal- 
ysis  of  pubhshed  longitudinal  data  oifthe  first  6  months  of  age  from 
the  10  infants  consijtuling  the  "home  sample/**^  '  ^  combined  with 
data  from  follow  up  tests  ol  the  same  inlants  during  the  second  b 
months  of  hie.  In  Figures       the  graphed  ttxation  time  averages  be- 
fore 1  (y  weeks     age  ar^  pooled  averages  lor  two  successive  weekly 
^  .  tests,  after  that  age,  they  represent  single  tests  given  every  2  weeks 

througli  24  weeks  of  age  and  every  4  weeks  thereafter  The  iargel  des- 
ignations are  based  on  left  or  right  position  of  a  stimulus  as  shown  m 
f  igure  3,  testing  positions  of  llie  two  were  saried  systematically  within 
each  tesl'and  among  successive  tests 

The  results  lor  two  pairs  of  sharply  defined,  abstract,  achromatic 
patterns  are  given  in  Figure  4.  There  is  ,i  general  decrease  with  age  m 
response  to  these  patterns,  as  indicated  ,ibove  Nfore  striking,  however. 
IS  the  rapid  devulopment  of  prelerence  hoth  lor  the  buHVeye  pattern 
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and  for  the  irn?gulaf  arrpngemem  of  squarcH,  reaching  a -peak  in  the  * 
thirdmonth,  and  then  gradaally  falling  off  •  ,i 

Differentials  for  other  pai&Ucre  kss  strong  and  consistent,  even 
when  the  stimulus  difference  was  nmch  greater.  For  eXamE*!*.  in  Figug^ 
5,  the  targets  prefcrrt d" during  the  first  mon^h  of  age  and  then  a^ain.  • 
after  5  ^dnths^  were  (iapt ir  7ia  slowly  rotating  di$k  covered  wjithilu*  ^ 
orescent  xtA  and  yellow  p^rand  (in.pair  1 6)-a  flickering  40-watt   ? ,  * 
orange  light  bulbVnclu^^  in  a  (Hn.  translucent  globe.  The  tar^|s  pre**. 
.  fentd  between  2  artd  4,months  were^much  hig|}ef  in  informational 
value  but  wo*uld  B^^uerally  be  cfonsidered  to  be  uninteresl^lnf :  t  ^pitai.of 
wire  mesh  mounted  to  a  board  with-holes  in  it  a>id  partly  paiiited  vi^^te 
<pair  7)  and  a  dark  achromatic  photograph  of  intric  ue  Egyptian  art  T  • 

—^Xmr^tt  "  r  ^    — ^ — 

In  Figure  6  (t0p)»  the  strong  initial  pncferince  for  a  black-andrwhite  ^ 
schematic  face  pattern  over  a  face  ^hotogf&ph  disappeared  by  1^  ¥>eeks 
of  age,  most  likely  owing  to  the  decrease  in  the  varly  at^f  ntion  value,  of 
sharply  defined  paSttrnsand  Hie  subsequent  mttrest  in  other,  more* 
subtle  patterns  -a5i  was  true  for  pair  16,  The  inelevatice  of  the  facial  re- 
semblsifnee  is  suggested  by  an  absence,  in  the  tower «raph,  of  pr«;ferencf 
for  the  correct  over  the  scrambled  afrangemet)(^  of  a  schematic  face  un- 
til about  20  weeks  of  age;  in  ifcl,  there  was  some  early  preferencejbr 
the  scrambkd  face.  These  results  are  not  in  agreement  with  Ihose  in  va> 
lous  studies  of  inkitution  infants  thiit  indteate  a<;eneral  piefeMnce.tor 
the  correct  arrangement  during  the  third  month. However,  the  diffe^ 
ential  *br  this  pair  has  never  been  as  strong  or  consistent  as  that  repeat* 
edly  obtained  With  pqti;irof  gdonictric  patterns  (c/  Figure  4K  Other  ' 
investigators;  results  have  also  varied  as  to  whether  or  when  infants  dis- 
cnnunalc  correct  from  distorted  t^eTike  configurations^  even  though 
face-like  stimuli  in  geniral  have  been  of  hi^  attention  value.  It  is  prob- 

'  Mi*  that  1)y  several  months  o^age  the  mfant  is  capable  of  discriminat- 
ing the  various  experimental  representations  of  faces  Both  from  each 
other  and  from  real  faces  and  that  the  jj^sence  or  absence  of  differen- 
tial attviiiion  to  some  representations  has  htllc  relevance  to  social  rec- 
ognition and  resjponsiyeness.  ,  /  ^  ' 

Figure  7  illustrates  the  visual  selectivity  found  in  a  number  of  studies 
relative  to  two  further  types  of  stimulus  Sanation.  The  lop  graph  &hows 
the  development  of  increased  responsiveness  to  a  solid,  contoured  o>> 
ject,  along  wjth  a  corresponding  decrease  for  a  Hat  surf^-e.  AHhoufith 
the  solid  object,  to  an  a(<uH.  resembled. a  sculptured  head  without 
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•j.ramblcd  arrar)gemenl  of  the  same  features. 
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FIGURE  /  Fixation  times  for  each  target  of  a  pair  presented  together  for  a  tot:U  of  40  sec, 
averaged  for  the  same  10  infants  at  each  age.  Targets  (from  Figure  3)M%rc  a  solid  model  of  a 
head,  painted  tlat  white  (pair  6,  left)  versus  a  similar  white  outhne  f^m;  and  one  of  two  pat- 
terns (vincd  from  week  to  week)  that  had  been  repeatedly  exposed  tV<hc  infant  during  the 
course  of  a  testing  session  (pair  1^  familiar)  versus  the  other  pattern,  which  was  relatively  novel. 
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painted  features,  the  preference  development  is  closer  to  that  shown 
for  other  variations  in  solidity  than  that  for  other  face-like  pairings.  As 
with  several  other  pairings  of  solid  and  flat  targets,  for  pair  6  the  solid- 
ity preference  appeared  in  the  early  months  and  was  maintained  * 
thereafter. 

The  bottom  graph  of  Figure  7  shows  the  development  of  a  prefer- 
ence based  on  specific  visual  experience,  rather  than  on  either  intrinsic 
stimulus  characteristics  or  general  types  of  familiar  objects  (such  as 
solid  objects  or  face-like  patterns).  One  of  a  pair  of  diverse  black-and- 
Wi jte  patterns  was  placed  in  such  a  position  in  the  stimulus  chaml>er 
*  '    that  it  would  be  exposed  during  the  ,10  sec  or  so  after  each  test  ex- 

posure-that  is,  while  the  targets  were  being  reversed  or  changed.  After 
22  such  exposures,  this  pattern  was  tested  along  with  the  other  pattern 
of  pair  1 .  The  two  patterns  "were  used  as  the  "familiar"  patterns  on  al- 
ternate test  we^^ks  for  each  subject.  Although  the  novelty  preference 
was  not  strong,  (^o  npared  to  many  stimulus  variation^,  it  was  consistent 
among  the  jnfu.us  dfter-2  months  of  age  and  for  most  of  the  first  year, 
before  it  finally  disappeared -perhaps  due  to  the  decreased  interest  in 
flat  patterns  in  general. 

Results  such  as  these,  showing  a  change  in  responsiveness  to  repeat- 
edly exposed  patterns,  are  of  direct  relevance  to  the  ability  to  process 
an(l  retain  visual  information.  Such  results  might  well  have  been  in- 
cluded under  the  heading  of  ''visual  experience."  But  they  are  equally 
relevant  to  visual  selectivity,  inasmuch  as  novelty  is  one  category  of 
stimulus  determinant  of  differential  attention-one  that  happens  to  be  * 
of  particular  theoretical  importance.  Surprisingly,  response  to  noyelty 
has  been  quite  difficult  to  measure  reliably  and  predictably;  it  has  been 
affected  by  seemingly  minor  variations  in  experimental  conditions.® 
One  of  the  persistent  problems  is  that  of  equating  patterns  in  initial 
attention  value,  so  that  effects  of  recent  exposures  will  not  be  ob- 
scured. Another  problem  is  to  ensure  that  the  decrease  in  response  is 
specific  to  the  pattern  and  therefore  indicates  pattern  recognition. 
Some  studies  have  not^conttolled  this  fac^tor,  and  their  results  may  in- 
dicate only  a  general  habituation  of  response,  decreased  arousal,  or  fa- 
tigue. One  solution  is  to  use  a  paired-comparison  procedure  and  to  de- 
termine the  response  to  the  familiar  stimulus  relative  to  a  novel  one  of 
similar  attention  value.**'*^ 

There  are  oUyy^solutions,  however.  For  example, jCaron  and  Caron^ 
used  the  single-stimulus  procedure  quite  effectively.  They  demonstrated 

E^''*         .  .3-75  •  , 
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the  specificity  of  the  response  decrement  for  a  repeated  pattern  by  the 
maintained  hi^  response  to  novel  patterns.  The  $ame  study  showed  a 
smaller  response  decrement  for  a  complex  than  for  a  simple  repeated 
stimulus  and  showed  retention  of  visual  information  over  a  short  in- 
terval-i.e.,  a  single  presentation  of  the  familiar  stimulus  following  three 
novel  stirnuli  brought  a  significant  drop  in  fixation  time.  These  and  • 
other  characteristics  relevant  to  the  effects  of  specific  short-term  visual 
exposure  have  only  begun  to  be  explored. 

Two  additional  variables,  the  source  of  the  subjects  and  the  duration 
of  the  test  exposure,  were  found  to  be  relat.ed  to  short-term  familiariza- 
tion effects.  In  the  longitudinal  study  using  the  stimulus  pairs  of  Figure 
3  12.13       samples  of  infants  were  selected  so  as  to  be  as  different  as  ^ 
possible  in  parental  background  and  early  environment.  Half  the  infants 
were  offspring  of  university  faculty,  the  others  were  institution-reared 
infants.  All  infants  were  healthy,  full-term,  and  of  Caucasian  parents; 
the  mean  birth  weights  of  the  two  groups  were  identical.  The  familiar- 
ization test,  included  as  part  of  the  weekly  preference  testing,  was  as 
described  above;  fixation  times  for  the  home  group  were  as  given  in  Fig- 
ure 7.  To  permit  better  comparison  of  the  two  groups,  fixation  times 
were  converted  to  percentages  of  total  fixation  time  given  to  the  famil- 
iar pattern  in  successive  testing  weeks  (Figure  8);  50%  indicated  chance 
response. 

The  top  graph,  based  on  the  entire  40  sec  of  postfamiliarization  ex- 
posure, shows  decreasing  response  to  the  familiar  pattern  with  increas- 
ing age  for  both  groups.  This  development  was  more  rapid  for  the  home 
group;  the  difference  in  percentage  between  groups  was  significant  at 
1 2  through  18  weeks  of  age.  In  a  subsequent  analpis  of  these  data  by 
successive  4-sec  periods  of  exposure,  it  was  noticed  that  in  the  early 
months  the  home  infants  showed  more  differentiation  between  familiijr 
and  novel  patterns  after  longer  exposure  ta  the  two,  as  though  recogni- 
tion of  the  familiar  pattern  (or  habituation  to  it)  required  some  period 
of  examination  of  both  patterns.  The  institution  infants  did  not  in  the 
early  months  show  this  change  during  the  exposure.  Consequently,  the 
preference  curves  based  pn  only  the  last  4  sec  of  the  second  20-sec  ex- 
posure (bottom  graph)  show  more  group  difference  and  show  a  signifi- 
cant novelty  preference  by  the  home  group  as  early  as  6  w'^s  of  age. 

Increased  stimulus  differentiation  after  longer  examination  was  not 
the  usual  outcome.  For  most  of  the  pairs,  varying  in  intrinsic  stimulus 
characteristics  rather  than  in  previous  exposure,  at  least  as  much  prefer- 
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FIGURE  8  Pattern  ftmiliiuiziKon  results  during  the  first  6  months  for  the  selected  home- 
reired  infants  of  cirlier  grapAs  compared  with  10  institution-reared  infants.  For  each  group, 
pxation  times  for  the  two  targets  were  converted  to  percentages  for  the  target  that  had  been 
repeatedly  exposed  earlier  in  the  testing  session,  relative  to  the  novel  one.  Percentages  are 
based  either  on  two  20-$cc  exposures  (top  graph)  or  on  only  the  last  4  sec  of  the  last  exposure 
(bottom  graph). 
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FIGURL  9  Results  comparing  selected  home  infants  and  institution  infants  on  development 
of  preference  for  cucula;  over  linear  arrangement  of  line  segments.  Percentages  of  fixation  time 
•re  for  target  pictured  on  leftXl  igure  3),  based  either  cn  two  20-$ec  '^xppsures  (top  graph)  or 
oh'only  first  4  sec  of  the  first  exposure  (bottom  graph).  . 
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ence  was  shown  early  in  the  exposure  of  a  pair  as  later  on,  especially  by 
the  home  group.  Consequently,  in  a  few  cases,  more  difference  between 
groups  was  shown  in  preference  curves  based  only  on  the  first  4  sec  of 
exposure,  as  will  be  illustrated  with  results  for  pair  3. 

The  development  of  preference  for  a  circular  over  a  linear  configura- 
tion of  line  segments  (Figure  9)  is  one  of  the  best  examples  of  the  dif-  ^ 
ference  between  the  groups  in  the  age  of  preference  devel6pment.  For 
the  total  40  sec  of  exposure  (top  graph),  the  two  curves  are  almost  iden- 
tical in  shape  birt  are  displaced  about  2  weeks  in  age,  indicating  earlier  • 
development  of  a  basic  perceptual  response  by  the  selected  home-reared 
group.  Foi;the  first  4  sec  of  the  first  20-sec  exposure  (bottom' graph), 
the  group  difference  was  still  greater:  the  home  infants  appeared  to  be 
^able  to  discriminate  the  patterns  within  a  few  seconds  as  well  as  after 
long  examination,  whereas  the  institution  group  appeared  to  require 
more  time  for  examination  to  show  maximal  differential  response.  The 
accentuated  group  difference  for  the  first  4  sec  of  exposure  is  only  sug- 
gestive; it  was  not  duplicated  for  any  other  pair  of  targets.  These  and 
other  less  clear-cut  results  indicate  that  tracing  changes  in  visual  selec-' 
tivity  within  short  exposures,  as  well  as  over  weeks  of  age,  is  a  promis- 
ing approach  to  the  problems  of  studying  information  processing  and 
effects  of  visual  exposure 'in  the  young,  infant.  '  , 

In  the  overall  analysis  of  group  differences,  including  the  results 
given  in  Figures  8  and  9,  the  home  group  of  infants  showed  significantly 
earlier  or  greater  changes  in  preference  for  eight  pairs  of , targets  taken 
separately  and  for  all  1 8  pairs  averaged  together.    The  signi'ficance  of 
changes  in  visual  selectivity  as  indicators  of;  rate  of  perceptual-cognitive 
development  is  suggested  by  this  differentiation  between  groups  of  in-  • 
fants  with  high  expectation  of  eventual  differences  in  cognitive  per- 
formances, due  to  either  congenital  or  early  environmental  differences. 
This  significance  is  also  suggested  by  the  scores  on  the^ffiths  Mental 
Development  Scale  (modified  for  better  appropriateness  |;^'institution 
inrants)  giveaqt  20  weeks  of  age.  These  scores  for  the  combined  groups 
showed  a  correlation  of  0.74  with  the  rate  of  preference  development 
during  earlier  months  of  life.  In  contrast,  the  scores  during  the  early 
months,  measuring  largely  motor  development  and  sensorimotor  co- 
ordination, were  not  related  to  the  preference  changes  shown  during 
that  period;  in  particular,  the  institution  infants  developed  oculomotor 
coordination  as  early  as  the  home  infants.  If  early  cognitive  abilities  are 
to  be  related  to  later  intelligence,  then  "perceptual  it^'telligence*'  appears 
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to  be  jynore  appropriate  description  ,than  "^'sensorimotor  intelligence" 
vfor  these  early  abilities. 

c 

VISUAL  EXPERIENCE  v 

A  general  finding  of  the  visual-preference  research  has  been  that  many 
of  the. basic  skills  ^nd  seL*ctivit':s  required  for*  pattern  perception  are 
present  at  bir^h  or  within  several  months  of  age.  Rather  than  arguing 
for  a  purely  nativistic  or  maturational  view  of  perceptual  development, 
this  finding  instead  emphasises  the  role  of  experience  by  showing  that 
visual  exploration  and  information  processing  begin  at  birth  and  that 
ample  opportunities  for  a  wide  variety  of  experiential  effects  are  there- 
fore present  long  before  the  infant  is  able  to  learn  about  the  environ- 
ment through  manual  or  locomotor  explorations.  The  main  issues,  then, 
are  to  what  degree  and  in  what  way  these  opportunities  are  used. 

As  irt  the  case  of  studying  visual  capacities,  the  available  approaches 
to  studying  experiential  effects  are  limited  by  th^  slow  motor  develop- 
ment of  the  infant,  with  the  additional  problem  of  varying  experience 
in  acceptable  but  sufficiently  controlled  ways.  Recently  developed  con- 
ditioning procedures  (as  described  above)  can  be  of  value,  provided  that 
the  experimenter  goes  beyond  the  initial  shaping  of  a  response  and  is 
able  to  determine  the  specific  stimulus  features  that  have  been  per- 
ceived and  remembered.  For  example,  in  the  experiments  of  Bower,  ^ 
the  initial  conditioning  of  head-turning  to'a  particular  object  showed 
only  retention  of  the  response-reinforcement  contingencies  and  dis- 
crimination between  the  presence  and  absence  of  an  object.  But  the 
later  discrimination  tests  with  varied  objects  or  situations  showed  that 
such  features  of  the  object  as  si??.,  distance,  shape,  and. orientation  were 
perceived  and  remembered  for  a  short  time. 

The  experiments  described  above  on  decreased  attention  to  a  sp^^ 
cific,  repeatedly  exposed  pattern  provide  another  approach  for  study- 
ing short-term  memory,  differing  mainly  in  that  tho^esponse  tendency 
was  initially  present  without  conditioning  and  that  it  decreased  with 
experience.  This  experience  effect  assumes  added  interest  from  the  fact 
that  the  necessary  conditions  are  no  doubi  frequently  present  in  the 
everyday  life  of  the  infant  and  from  the  adaptive  consequences  that 
the  infant  spends  more  time  looking  at  the  relatively  novel  parts  of 
the  environment. 
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,  Long-temi  effects  of  experience  are  more  difficult  than  short-term 
effects  to  study  experimentally  in  human  subjects.  Changes  in  visual 
preferences  over  some  weeks  or  months  of  age  can  indicate  long-term 
effcCts  if  there  is  sufficient  evidence  for  assigning  an  experiential<ause. 
This  was  not  passible  tpr  most  of  the  changes  described  here,  although 
experience  may  often  have  been  important.  In  the  area  of  depth'percep- 
tion,  however,  several  lines  of  evidence  converge  to  show  the  importance 

^    of  experience  in  the  development  of  the  preference  for  solid  over  flat  * 
objects  foynd  to  develop  around  2  months  of  age  (figure  T).*^'**^ 

In  research  with  infant  monkeys,^  it  was  found  that  subjects  reared 
in  darkness  from  birth  until  various  ages  required  a  period  of  living  in  a 
lighted  environment  for  the  development  of  preferences  for  solid  over 
flat  objects  (comparable  with  those  shown  by  human  infants),  but  failed 
to  develop  consistent  preferences  if  the  deprivation  period  was  over  6 
weeks.  In  contrast,  preferences  for  ^)atterned  over  plain  targets  were 
shown  initially  without  visual  experience  and  then  were  lost  with  con- 
tinued deprivation. 

For  varying  experience  in  human  infants,  enrichment  procedures 
must  be  substitutecl  for  visual  deprivation,  perhaps  starting  with  infants 
who  happen  to  be  in  a  relatively  stimulus-poor  environment.^'^  In  a  re- 
cent unpublished  study  of  institution-reared  in^fants  using  this  approach, 
we  provided  10  weeks  of  extra  patterned  visual  stimulation  in  the  crib 
and  nursery  (including  a  merry-go-round  of  varied  objects)  for  every 
other  entering  neonate.  In  the  re|ults  from  weekly  preference  tests,  for 
each  of  three  pairs  of  solid  versu\lat  targets  the  enriched  group  showed 
more  attention  than  the  control  group  to  the  solid  object  at  one  or 
more  testing  weeks.  Few  other  significant  differences  in  preferences 
were  shown  by  the  two  groups,  thus  suggesting  a  limited  area  of  effect 

,    of  the  perceptual  enrichment. 

In  the  same  study,  data  were  obtained  on  another  variation  in  visual 
experience  one  occurring  naturally  as  a  result  of  various  lengths  of  ges- 
tat'ion  (within  the  normal  range).  Fpr  infants  of  the  same  conceptional 
age  (i.e.,  length  of  gestation  plus  age  from  birth),  an  infant  born  several 
weeks  before  term,  for  example,  has  had  that  much  more  opportunity 
to  see  the  world  and  practice  visual  coordinations  than  the  full-term  in- 
fant; the  question  is  whether  at  that  developmental  level  the  extra  ex- 
perience is  effective  in  some  measurable  way.  The  finding  was  that,  for 
two  pairs  of  solid  versus  flat  targets,  the  development  of  a  solidity  pref- 
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erence  was  in  closer  agrecnicnl  among  the  infants  when  their  ages  from 
birth  were  used  than  when  their  ages  from  conception  were  used,  sug- 
gesting a  determining  role  of  early  experience,  regardless  of  the  matura- 
tional  level.  However,  many  of  the  changes  in  pattern  preferences  were 
in  closer  agreement  among  the  groups  when  ages  were  figured  from  the 
estimated  date  of  conception  (based  on  mother's  report  of  last  men-  > 
struation),  suggesting  the  iinportance  of  degree  of  neural  maturation 
for  those  responses.         \  , 

It  seems  clear  that  both  the  quantity  and  the  quality  of  visuaPex- 
perience  determine  to  a  considerable  degree  the  beginnings  of  depth 
,pefeeption  in  the  early  months  of  life.  Methodologically,  the  various 
results  given  above  have  demonstrated  several  practical  approaches 
through  whic|i  specific  long-term  or  short-term  effects  of  visual  expe- 
rience can  be  investigated,  starting  from  birth.  The  simple  procedure  of 
comparing  visual  preferences  or  other  discriminative  responses  at  equal 
conceptional  ages,  as  well  as  at  equal  postnatal  ages,  is  particularly 
promising  for  distinguishing  between  experiential  and  maturational  in- 
fluences in  the  early  months  of  life.  One  might  argue  that  the  usual 
practice  in  behavioral  studies  of  considering  only  the  age  from  birth 
implicitly  assumes  that  nothing  happens  in  the  last  weeks  of  fetal  de- 
velopment to  affect  neurologic  or  behavioral  maturity.  By  several  years 
of  age,  the  proportionally  small  differences  in  length  of  gestation  within 
the  normal  range  might  well  be  ignored;  but  at  birth  or  at  several 
months  of  age,  this  prtictice  sometimes  may  leave  the  pivotal  variable 
out  of  the  developmental  equation  and  on  other  occasions  may, 
through  assuming  complete  experiential  determi?iation,  throw  away 
the  proof  of  some  effects  of  experience. 


STA  GES  OF  PER CEPTUA L  DEVEL 0PM ENT 

In  most  of  the  research  cited  here,  visual  preferences  have  served  as  con- 
venient behavioral  in^.cators  pf  the  early  development  of  visual  percep- 
tion and  information  processing.  From  another  viewpoint,  the  visual 
selectivities  themselves  are  part  of  the  development  p'rocess;  they  have 
considerable  influence  on  what  infarmatj^  is  taken  in  for  processing 
and  for  directing  behavior.  It  is  to  be  assumed,  then,  that  in  **normar* 
^development  the  various  changes  in  visual  selectivities  will  tend  to  facil- 
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itaie,  rather  than  retard,  the  development  process.  And  yet  it  is  diffieull 
even  to  guess  at  the  adaptive  value  of  all  the  changes  in  selectivity  at 
various  ages. 

*lt  would  make  good  seme  mFie  infant,  starting  with  the  sclcuiqn  of 
stimulr.of  minimal  informational  content,  would  gradually  select  more 
complex,  more  detailed,  more  subtle,  more  varied,  more  novel,  and 
morc  cbun^ng  stimuli  as  his  capacities  developed  and  his  optimal  com- 
plexity level  ros^.  It  might  also  be  expectefl  that  this  process  would  cul- " 
minate  in  the  fine  discrimination  and  absorbed  attention  to  patterned 
stimulation  necessary  for  reading  and  other  difficult  perceptual  tasks. 
The  findihgs  in  the  early  months  in  some  respects  agree  with  this  hypo- 
thetical view:  the  infant,  although  starting  well  above  the  minimal  com- 
plexity level,  does  begin  to  attend  to  more  complex,  subtle,  detailed, 
and  novel  patterns.  But  in  later  months,  the  attention  value  of  various 
patterns  generally  decreases,  and  attention  turns  more  to  solid  objects, 
flashing  jighls,  brightly  colored  objects,  and  moving  targets  (among  the 
targets  used  to  date).  By  the  end  of  the  first  year,  little  interest  is 
shown  in  fiat  patterns  and  little  differential  attention  is  shown  for 

differences  among  such  patterns  -  a  develojpment  seemingly  opposTTe  

to  the  expected  direction. 

Although  the  accumulation  of  infoimation  by  the  developing  child  is 
a  gradual  and  continuous  process,  the  kinds  of  information  received  and 
the  ways  in  which  they  are  collected  can  change  radically  with  age  and 
experience.  The  young  infant's  absorption  in  patterns  and  differentia- 
tion of  variations  in  patterning,  reaching  a  peak  in  the  third  and  fourth 
months  of  lifeT  perhaps  represents  a  stage  in  perceptual  development  in 
which  the  motto  is  "information  for  its  own  sake."  In  this  stage,  the  in- 
fant spends  vast  amounts  of  time  in  seemingly  useless  visual  explorations 
and  examinations,  guided  by  the  selective*  tendencies  of  his  maturational 
and  experiential  level.  What  is  learned  in  this  way  is  largely  a  mystery, 
but  it  is  certain  that  it  goes  beyond  the  perfection  of  oculomotor  skills 
and  discriminative  capacitieTand,  most  essentially,  involves  the  accumu- 
lation or  assimilation  of  information  from  visual  patterning.  Also,  it  is 
safe  to  assume  that  this  stage  is  essential  for  normal  progress  toward 
stages  of  visual  information  processing.  Interference  with  this  stage  is 
a  likely  factor  in  the  retarding  effects  of  environmental  deprivation  in 
infants  and  of  complete  deprivation  of  patterned  stimulation  in  young 
animals. 

One  closely  follbwing  stage  is  that  in  which  visual  exploration  is  a 
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mean NvTal her  Ilun  an  cnil,  toui^mu  is  a  jiiuJ^*  to  oral,  manual  and  Uho- 
"moior  exploraliuns  and  nianijndaluniai  mT  thv  vnvUi>aincnt  ihrou):h 
whieh  vcr>  diftl-rent  kinds  of  nilornuiion  ar^^  accumuSar  J  or  assinv 
ilatcdr  hor  Tfm  purpose,  the  paiu»r|iiii»^  *  TjL?  suUawc^  is  ol  ¥l tie  Value  ~ 
tunle^saecompanied  In  tactile  .  uahtiesL  whereas  v>bKwl  sohdil>  and 
form  are  highly  relevant  stimulus  thauivienstiLs  that  ^^ere  tou'^d  to 
continue  to  be  ol  hiph  aUentn»n  value  lhr<Mj&houj  the  first    inontlis  of 
life.  This  apparent  de\  :U>pment  has  also  Ken  shown  to  take  plawe  in  in- 
fant morkeys.**  which  in  the  earK  nionthM4  htc  without  deprivation 
showed  visual  preferences  tor  paiferned  over  ptam  stimuli  and  lor  some  ^ 
patterns  over  others  I  arly  in  the  si\ond  >ear  of  hie,  when  given  a  se- 
ries of  diseriminationtraming  problems  preceded  bv  '!reen;hoiee**  tesb. 
the  animals  showed  few  selective  rrspnmes  to,  and  sul'^si'^uenlK  raa^ly 
I  learned  to  diseriminate,  painted  variations  in  color,  bnphlness.  tir  pat 
termng.  However,  targets  diflermg  tactuall>  as  well  as^visibly  (i  c  ,  dit- 
fering  m  form,  texture,  solidity,  or  si/ei  tended  to  be  ditferentiated  in 
the  free-ehuKe  tests,  in  discnmination  training,  these  pairs  all  received 
more  correct  responses  and  were  usuall>  disenmtnated  to  eritenon  Ihc 
monkeys  had  leanicd  m  everv>day  lile  to  pay  atterrtimr  to  palpable, 
"rear*objevt  eharavteristics  and  to  ignore  dilTereiices  between  pamted 
surfaces  that  were  irrelevant  lor  behavior.  The  variations  in  patterning  * 
or  color  of  flat  surfaces  wea*  still  diseriminable  in  the  scnsv*  ot  bcu^' 
within  the'' known  capacities  of  the  animals,  that  had  been  shown  b\ 
early  visual  preferences.  But  they  were  not  allually  disvrijnniated  at 
this  stage  because  they  were  not  noticed. 

It  may  be  asked  whether  the  early  selectivity  for  patterns  and  the 
diffckrentiaticn  ainoiig  patterns  has  any  adaptive  signtfuance,  inasmuch 
as  it  is  replaced  by  othvi  scl!*ctivil^e%sonie  months  later.  Perhaps  the 
e  «rly  selej;livity  for  patterns  is  simply  the  consequence  of  the  selectivity 
of  the  nei'vous  system  the  high  responsiveness  of  visual  receptors  tind 
nerve  cells,  especially  cortical  cells,  to  spatial  or  temporal  patjenis  and 
the  low  responsiveness  to  uniform  stimulation  niav  in  the  varl;^  months 
be  directly  translated  into  oculomotor  responsiveness,  Thjs  explanation 
is  certainly  plausible  in  general,  and^it  could  Iv  related  to  some  of  the 
specific  pattern  selectivit^s  shown  by  the  inlant  For  example,  the 
tendency  to  give  more  attention  to  regular^  linear  patterns  than  to  var 
jous  other  configurations  during  the  earl>  weeks  of  hte  could  be  a  di- 
rect behavioral  expression  of  the  selective  responsiveness  of  cells  in  the 
visual  cortex  to  linear  contours.^'  Also,  subsequent  shilts  in  prelereiice 
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motor  explorations  and  nianjpulat^bt^M^  ^  envirpnmtfrt.  through 
uMiich  very  difibrent  Rinds  ofmifOnnafti^^  art  acciufiutatcd  or  as&im- 
Sated,  bor  this  purjpose,  the  pctftili^^        auMtfaci^  is  oriirtlTvalue"^ 
ttmless  aceompai^ii^  by  tactile  qtlalrtie'si  whereas^  ottject  sohdity  and 
form  are  highly  t^levanl  stimulus  chafiraetertstic^  that  were  found  to 
^emtimje  to  be  of  lugh^^^         valuta  thrau^outjhe  first  6  months  or 
life.  Th\%  ai^arent  development  has  also  bf^n  Sihown  to  take  place  in  in* 
h  tint  monkeys."^  which  in  the  early  monthly  ofltf^^ thou  t  deprivation 
shewed  visual  preferences  for  patterned  over  plain  stimuli  and  for  some 
patterns  over  othets.  Early  in  the  second  year  of  life,  when  given  a  se- 
ries of  di&crimination-traliiing  problems  preceded  by  *'free-choice*'  tesjs, 
F  the  animals  showed  few  trlective  responses  to,  and  su^bseQuently  rardy 
I  learned  to  discriminate,  painted  variations  in  colon  brightness,  or  pat* 
teming.  However,  targets°differing  tactually  as  well  as^visibly  (i.e..  dif- 
fering in  form,  texture,  solidity,  or  size)  tended  to  be  differentiated  in 
the  free*choice  tests;  in  discrimination  training,  these  pairs  all  received 
more  correct  responds  and  were  usually  discriminated  to  criterion.  The 
monkeys  had  leaniedin-evei;yday  life  to  pay  attention  to  palpable,  * 
^^reaV*  object  characteristics  and  to  ignore  differences  between  painted 
surfaces  that  were  irrelevant  for  behavior.  The  variations  in  patterning  ^ 
CMt  color  of  flat  surfaces  were  still  discriminate  in  the  sense  of  bein^ 
within  the  known  capacities  of  the  animals;  that  had  beeo  shown  bV 
early  Visual  preferences.  But  they  were  not  actually  discripiinated  at 
this  stage  because  they  were  not  noticed. 

It  jtnay  be  asked  whether  the  early  selectivity  for  patterns  and  the 
diffetentiation  among  patterns  has  any  adaptive  significance,  inasmuch 
as  it  [s  t^pUced  by  other  selectivitips  some  months  later.  Perhaps  the 
early  selectivity  for  patterns  is  simply  the  consequence  of\th^  selectivity 
of  the  nervous  system:  the  high  responsiveness  of  visual  receptors  and 
nerve  cells,  especially  cortical  cells,  to  spatial  or  temporal  patterns  and 
the  tow  responsiveness  to  uniform  stimulation  may  in  the  ^arly  months 
be  directly  translated  into  oculomotor  responsiveness.  Th^s  explanation 
is  certainly  plausible  in  general,  and*tt  could  be  related  to  some  of  the 
specific  pattern  setectivitjgs  shown  by  the  infant.  For  example,  the 
tendency  ^o  give  more  attention  to  regular^  linear  patterns  thiin  to  var- 
ious other  configurattom;  during  the  early  weel^s  of  life  could  be  a  di- 
rect behavioral  expression  of  th^  selective  responsiveness  of  cells  in  the 
/  Visual  cortex  to  linear  contours.^'  Also,  subsequent  shifts  in  preference 
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cjCrculaf  or  irregular  awfieurations  could  signily  the  dominance  of 
lugbcrMeveh  Df  ncural^rgani/ation  in  tlK  direction  of  attcntion/but 

•    . .  tMUlonit-a  v.ljgue  conjecture,  made Jlilhe^bscnciLoLoUitr  explana- 

tions  of  the  amn/jngly  strong  selectivtty  for  some  pattern  configUr;|- 
lioiis  u>  lerim  of  either  adaptive  value  or  ex)?qris»^ 
However!  the  more  general  Mjlectivit:^  for  patterns  in  the  j^ourtg 
,         mfartt  can  eajfiily  be  considered  to  be  adaptive  in  focusmg  attention  on  7 
"  _    ,  mtorntalion-nch  parts  of  the  surtoundingh  and  thus  facilitating  the  ^ 
process  of  perceptual  learning.  i9^velppmental  shifts  in  prefereriie  to  u 
more  complex  patterns.  It?  more  subtle  variafion^  in  patterning,  an(Jf\o 
^  novj>I  patterns  appears  to  be  similarly  adaptive*  Aiid  even^avftcV  the  in^ 
>        '      fanl  seems  to  lose  all  interest  in  patterns  per  5f .  the  patteriting  produced . 
^  by  the  form,  texture,  fine  detail  anc^  contouring  of  objects,  suffaeel 
and  people  must  be  attended  to  for  adaptive  responses*'';  it  is/to  be4)re- 
.  ^  sumcd  that  this  is  made  possible  in  part  by  the  ^*arly  intens^e.examina- 

*  tion  of  simpler  varieties  of  patterning.  That  an  infant  or  a  monkey  ig- 

nores the  {>attt^rns  on  stiinuluj^  cards  docs  not^mean  that  a  pattern 
denoting  a  fcelable  texture,  a  movable  object,  or  a  wlilkabte  surface 
will  be  sinularly  Ignored*  •  '     '  .   .    "  "  \ 

fcvenlually .  a  further  stage  of  develppmenir5  readied  in  wl\ich' 
patterning  imrelaled  to  spajjal  orientaticyror  object  mariipufa4ion  is 
again  a  focus  of  attcjtUjott  For  inonk«^*s,  this  stage  may  occur  only  » 
after  intcasivejiiscriinihation  train^ing'  Training  not  of  pattern-vision'^  # 
capacitie^i  but  of  pattcrtvi:cf5ctivities  to  counteract  the^earlief  learning ' 
to  ignore  such  stimulus  variations  as  irrelevant  for  everyday  behavior. 
But  in  children,  a  similar  change  Oi^eurs,  apparentlj;  without  training  or 
even  encouragement.  The  young  child  develops  an  interest  in  picture 
,     books,  photographs,  representational  drawings,  abstract  desijgns  and 
/  scribbles,  anU  eventually  printed  language.  (This  is  not  intended'Jp  deny 

^     ,     ^       the  complexuies  of  learning  to  read,  but  merely  to  suggest  that  the  un- 
<       '       trained  interest  in  patterns  on  paper  may  be  one  essential  predisposing 
fuct4)r. )  Thjs  IS  a  new  stage  of  mformation  processing,  rather'than  a  re- 
version to  the  earlier  vfsual  exploration  of  patterns^  for  the  child  is  now 
.   m*4ch  more  efficient  and  retentive  in  his  explorations  and  gives  meaning 
.  to  much  of  the  informational  content  of  the  pattern!;.  Furthermore,  the 
motor  skills  and  interests  developed  in  the  preceding  stage  can  have  a 
facilitating  effect,  as  m  the  iscribbjlmg  and  drawing  of  the  child,  as  sug- 
{tested  by  Gibson ''^  "But  scribbling  is  not  simply  play. ...  it  is  an  op-  *  • 
portunity  for  the  educating'of  visual  atterition  and  for  learning  to  per- 
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ccivc  in  new  \uvs;_Up  J30)..GiliiyuJiJbalho^'u^illy^^^^^   

'  perception  olVpictorial  representations  as  distinct  from  and  secondar>'  , 
to  the  per^ption  of  real  objects  aiTd  surfaces^^tlie  former  being  moiV 
difficiiU  and  developing  lalef  than  the  latter.  Un  this  light  it  wouW  not 
be  "iurprijiing  if  the  young  infant  failed  tu  recogm/i  a  schematic  or 
photographic  ru>res4;nta?ion  of  a  human  face,  as  s/iggested  above.)  How  ^ 
the  percut^tion  of  pictures  aiid  symbols  on  pupcr  develops  is  not  well 
^  understood.  The  research  of  tieanor  Gibson  and  j^l^^^ociates'^  on  the  dif- 
'  ferentiatimfand  Attention  tt^^isunyfve  features^f  fetters  or  other^  ' 
graphemes  has  given  soine  iu?en(nhi>  process  and  ilhistruted  some  of^ 
the  ilirect  experimentarapproaches  being  applijil.  The  jmprovement.in 
discriminative  capacities  is  clearl>''part  of  this  developmental  process;  but' 
alterations  and  refinements  in  vfciial  selectivity  ire  also  essentia? for  the 
exercising  and  use  of  these  capacities.  Char\ges  ih^jsual  selectivl/y  may* 
m  fact' be  of  jnore  crit^l  importance,  in  tha*t  tlie  basic  oculomotor  co-: 
ordination^,  vjsual  acuilKs,  andT:)attern-discrim  nation  capacities  are 
present  long  befof<r'they  ^re  put  to  use  in  clpcirihering  markings  ou 
paper.  And  !f  the  new  Visual  selectivities  of  the  young  child  are  neces- 
sary for  facilibtion  of  the  normal  development  of  pictorial  perception 
^  and  rdadingl  tl/h  aWrrations  in  the  development  oX  these  selectivities 
covliKWiSily^     retarded  development  of  these  complex  perceptual 
achj^veigpi^;  such  a  posMijility  is  at  least  won  h  exploring. 

/^conclusion  of  Ihc  reconW'search,oli  infant  perception,  of  perhaps 
more  sign'ificinKX'  than  the  earl5^«^*sence  of  pattern-vision  cuoagities, 
islhe  strong  influence  of  sel>;«tfvr'JHCntion  tc  patterns  in  geiiJfral  and 
^mong^  various  patterns  during  the  earliest  ^taje  of  perceptual  develop- 
ment. The  speciXic  selectivities  and  the^way  they  aH^ect  the  development 
process  change  considerably,  but  the  impprtaiice  ^  tljeir  inHuence 
probably  remains  throughout  all  succeeding' sjagt 
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•  ERiC 


Pattern  Perception 

and  Information  Seekii^ 

in  Early  Infancy 


This  report  concerns  some  of  the  research  conducted  at  the  Brown 
Oniversity  Child  Psychology  Laboratories  on  infant  learning.  It  may 
have  some  bearing  on  probleni?  of  reading  disability,  but  in  any  event 
it  is  related  to  visual  information  processing  and.early  infant  experience-/ 
which  I  take  to  \^  the  primary  concerns  of  this  conference.*  » 


TECHNIQ  UE  Ot^  STUD  Y  '  ^ 

Fanfz  devised  a  most  ingenious  technique  for  determining  what  infants 
prefer  to  look  at*and,  by  inference,,  what  they  can  see.  His  technique  is 
so  simple  as  to  pose  an  embarrassment  for  the  history  of  the  child-  ' 
development  field;  one  would  think  that  it  might  have  been  capitalized 
on  before.  Previously,  people  assessed  the  visual  capacities  o'finfants  in 
terms  of  what  they  grasped  with  their  hands.  As  you  know,  young  in- 
fants do  not  grasp  for  very  much,  $6  that  early  investigators  were  in- 
clined to  assume  that  ncwbom^infants  do  not  see  anything.  Now  wc . 
know  better.  Newborn  infants  do  indeed  sec,  and  they  profit  frorti,  or  , 
appreciate,  and  proCfess  visual  information  in  Important  ways-ycr:,  their- 
memories  are  ufYected  by  what  they  look  at.  Fantz's  experiments,. as 
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4  ' 

-       .         \     '  •  ' 
well  as  others,  indicate  that  newborn  infants  t'ixatc  objects  and  patterns  « 
•  in  their  eiwironment  with  their  eyes,  and  they  fixate  some  objects  and 
patterns  more  often  or  for  longer  periods  than  otjicrs.  One  cancel! 
from  the  choice  of  one  pattern  or  .figurei)ver  another,  or  from  the  in- 
fant s  responses  to  different  visual  patterns,  what  he  prefers  to  look  at/ 
or  at  least  Avhat  he  discrimirtates.  »  ^ 

A  stucfy  doqe  by  Miranda  (a  former^tudent  of  Fantz)  has  recently 
shown  that  even  the  premature  infant  .can  see  patterne.d  stimulation.^ 
Miranda^s  study  shows  that  ix)ncepnoiiial  • 
(age  smce  birth),  is  a  determinant  of  visual  Svelection.  To  demonstrate  . 
that,  he  compared  27"  S'/i-day-old,  normal  full-term  babies  with  i?  pre- 
mature infants,  t/i'stiag  the  latter  group  at  less  than  38  we6ks  of  concept 
tional  age.  That  is.  the  premature  babies  were  tested,  on  the  average, . 
approximately  1  mOnth  before  they  would  have  been  bbrn  as  full-term 
infants.  The  stimuli  were  always  presented  in  pairs,  and  Fantz's  fech-  ' 
nique  (which  apparently  has  high  reliabihfy)  involves  observing  whether 
the  infant's  eyt?s  go  to  the  left  or  the  right:  He  u^'d'^all  the  necessary  • 
counterbalancing  of  left  and  right  figures  to  preclude  erroneous  infer- 
ences from  position- preferences.  "       .    •     *  , 

PREMATVrE  INFANTS     ^    '  '     .  ■         '  *  ' 

The  easiest  way  to  summarize  the  MiVj^nda  data,  without  distorting  the 
essential  results,  is  to  say  tliiit  1  month  JSpfore  the  expected  date  of  birth, 
but  3  weeks  after  birth,  the  premature  babies'  pattern  preferences  were 
esseRtially  consonfant  with  the  Visual-fixation  behavior  displayed  by  the 
full-term  newborn  babies  tested  at  a  mean  age  of  3*A'jflays.  In  general, 
'both  the  premature  and  the  full-t^rm  babies  r^Solved  grating  stimuli  of 
1/2  in.  a|vd  1/4  in.;  they  fixated  these  patterns  mofe  frequently  and  for    4^ ^ 
'  longer  periods  than  they  did  a  plain  gray  stimulus.  B^h  the  premature 
and  the  full-term  infants,  moreover,  tended  to  prefer  the  less  complex 
of  paired  stimuli,  but  n.ore  consistently  so  for  the  premature  babies  of 
lower  cbnceptional  age.  .  ^ 

■    \  I        *  •  ' 

FmSj;^^AR  OF  LIFE  *  '   ,  • 

antz  reports,  on  the  ba.sis  of  longitudinal  data,  that  there  Js  a  m^iked  . 
charge  in  discriminative  capacity  and  in  preference  with  ag,e.  is 
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conducting  a  longitudinal  study  from  the  ages  of  2  to  5^2  weelJls.  Fantz 
does  not  posit  many  explanationH  for  the  marked  change  in  preferences 

 lhat  infattts  display  over  that  period,  but  he  does  suggest  the  possibiltly 

that  experience  is  a  primary  consideration  in  determining  what  the 
^  .  '  child  attend^  to  most.  He  talks,  for  example^^ about  .the  attention  atiif. 
interest  .virtue  of  various  stimuli,  which,  according  to  his  findings,  seem 

^        to  change  drastically  over  the  first  year  of  life.  The  general  finding 
within  this  period  is  that  a  plain.  unmoving.  unpattemed  surface  or  ' 
object  of  any  coler  or  brightness  is  low  in  atterrtion  value  at  all  ages. 
Younger  infants  in  particulaififteem\to  like  patterns  i.e.,  they  attend 
to  them  more-andfcspeciaHybljcR-and-whit^pat terns  with  well- 
demarcated  boundaries;        '  / 

It  is  also  possible  to  conclude  fi^m  the  longitudinal  stud'y  that  by 
the  age  of  30-60  days  a  circular  figure,  such  as  a  bijirs-eye»  is  preferred 
over  a^inear  figure.  That  is  the^age  range  that  Dr.  Kagan  has  described 
within  which  some  remarkable  changes  occur  (see  p.  324).  The  sche- 
matic face  seems  to  be  preferred  at  ^rirtfi  over  a  picture  of  a  real  face. 
The  schematicYace  is  fixated  mofe  than  sr  photbgraph  of  a,real  face  un- 
til! 6  weeks  of  age,  when  the  child  comes  to  fixate  more  pn  the  real-life 
likeness.  By  20  weeks  of  age,  the  citild  prefers  a  schematic  face  over  a 
jumblerf'face,  A  solid  face  (three-dimensional)  is  preferred  with  increas- 
'      ing  age  over  two-dimensional  figures,  and  markedly  so  by  8  weeks  of  ^ 
age.  By  6  weeks  of  age,  an  unfamiliar  figure  tends  to  be  preferred  over 
a  repeatedly  exposed  figure.  ^    *  . 


HABITUATION 

^  I  hope  that  Dn  Kagan's  presentation  does  not  jeave  the  impression  that^ 
habituation  and  learning  processes  do  not  occurin  the  human  infant 
until  he  is  30,  60,  or  90  days  old.  A  growing  body  of  data  indicates  that 
newborti  children  are  remarkable  habituatorsJo  stimulation  of  many 
•   ,    sorts.  Some  of  the  best  data  in  the  field  are  d^ivcd  from  olfactory- 
stimulus  work,  and  much  work  has  also^been  done  with  puditory 
stimulation.  * 

In  our  own  laboratory » -we  have  done  a  ^eriesof  experiments  in 
which  we  deliyeced  to  the  newborn  child  su6h  olfactory  stftnuli  as  aniw 
oil*  The  newborn  child  does  indeed  respond  with  a  stai;tle-llke'reaction, 
and  when  stimulation  by  these  odorants  is  repeated,  Ehe  response  de- 
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dines  in  even  us  Icw-as  10  trials.  The  newborn  habiUiatc>  quickly  to- 
^ ^olfactory  stimuli.  «is  well  as  to  other  stimuli  that     ailmmister  ni  fhc  * 
laboratory.  Figure, I  shows*a  visually  awafe  and  alert  child  being  stimu- 
bted  witB  an  odoranj  on! he  enTora^sTwab.  The  infant's  response  in- 
cludes re:&piratory  disruption,  heart-rate, acceleration,  and, bodily  move- 

^  mcnt  measured  on  a  stafiilinieter.  These  infants,  all  within  the  first  4 
days  of  life,  are  hot>ked  up  to  a  polygraph  from  Which  we  record  a  num- 
ber of  different  beliavfors.  We  are  afso  doing  habituation  experiments 
With  the  sucking  response:  The  babies  suck  an  artificial  nipple  that  con- 
tains a  device  permitting  us  to  record  their  rate  and  intensity  of  sucking, 
Presierttation^of  ^  tone  or  odorant  interrupts  a  baby's  sucking;  siicces-'  ^ 

^ive  presentations  if  the  same  stimulus  will  produce  a  diminishing  amount 
of  interruption*  ♦    ♦  *    '         -  * 

Once  the  newHbm  child^is  habituated  to  a  given  odorant  of  <orie, 
presentation  of  a  dlfferent'stimulus  witliout  violation  of  the  temporal 
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sequencing  of  Ih^^muli  will  cause  the  rc^onsc  to  recover  i.e.,  dis-  '  - 
habituation  will  take  place.  ThV  newborn  can  tell  us  which  odprantshe 
is  scnj^itivc  to  both  by  his  initial  reactions  to  stimuli  and  by  hiswcovery 
behavior  after  habituation  to  stimuli.  ThusTTlw  infant  "reports**  to  us 
wlien  he  can  dikriminjle  the  difference  btrtwecn  two  stimuli.  For  ex-  • 
ample,  if  he  habituates  within  10  trials  to  the  anise  oil,  and  then  we 
change  to  as;>fetida,  his  response* will  recover  and  he  will  Ihcreby  tell  us 
that  helToted, the  difference  between  asafetida  and  anise  oil.  (Strength 
differences  of  the  odorants  arc  controlled  tjirough  counterbalahcing.) 

In  an  elaboration  of  this  procedure,  w,e  mixed  odoratfts  (A  and  B) 
and  delivered  the  nfixturc  to  the  infants.  After  habituation,  we  admin- 
istered A  or  B,separately  in  the  same  diluent.  In  this  situation,  the  child  . 
similarly  dishabituates,  telling  us  that  he  can  discijiminate  between  o3or- 
ant  A  or  B  and  the  mixture  of  odorants  A  and  B. 

Wt/think  that  we  are  dealing  here,  not  with  a  peripheral  phenomenon, 
but  rather  with  a  central  nervous  system  function,  or  sensory  integra- 
tion. We  think  that  the  last  typeof  study^  in  which  we  induce  habitua- 
tion to  mixtures  and  tlwn  administer  single  components  of  those  mix- 
tures, brings  us  closer  and  closer  to  a  learning  process. 


REINFORCEMENT 

,Kagan*s  inclmation,  I  think,  is  toward  the  view  that  a  child  does  not 
become  a  habituator  or  learner  until  perhaps  30-60  days  of  age.  Studies 
of  newborn  children  show  that  they  learn;  the  best  evidence  comes 
from  a  series  of  studies  in  which  Dr.  Einar  R,  Siqucland  and  I  have  po- 
tentiated the  sucking  response  through  reinft)rcing  circumstances.  Stim- 
ulating a  newborn  child  on  one  side  of  his  mouth  elicits  an  ipsilateral 
rooting  reflex. 

I  am  getting  into  head-turnmg  behavior  now,  which  f  think  is  close  to 
eye-turning  U<4wvior,  whictrin  turn  should  be  related  to  readii>g 
behaVior. 

In  Figure  2,  it  can  be  seen  that  the  baby's  eyes  are  op^\\  and  that  he 
hi\s  a  rather  alert  appearance,  infants  while  sucking  do  not  always  go  to 
sleep,  as  we  so  often  read.  We  hear  all  about  how  pacification  produces  . 
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l*iGUR(  1  Newborn  inf,int  %uckinj(  on  jiutom4th:  nippk  device  tlut  cnabtci  polyfriphic  n^cordtng  of 
mlion.  Ihnw  Av'IK  ^urfoundinf  ihc  lunviMcct  enable  admi.nmution  oC  diftcrcnt  nutncnl^of  U\\t\ 


sleep,  a  general  lessening  in  body  tone,  jnll  so  on.  but  if  the  cfiild  has 
r||centiy  slept  and  is  now  feeding,  putting  a  nipple  in  his  mouth  will  # 
probabl^^arouse  him.  It  arouses  him  visually  and  it  arouses  him  with 
respect  to  head-turning  Ativity,  Many  mothers  report  tl^t  they  are 
able  to  communicate  with  their  newborn  babie^best  while  they  arc  f 
feeding  them.  The  child  looks  up  at  its  mother^  eyes,  i-nd  while  suck- 
ing looks  around  at  the  comers  of  the  room  and  at  other  interesting  ob-  , 
jects  in  the  ^*nvironinent.  We  Ourselves  have  not  studied  Ihe  looking  be- 
havf()r  of  thv"  young  child,  but  we  have  beeit  observing  other  response 
processes,  such  as  head-turning  behavior,  and  1  think  that  head-tuniing 
_am1  rye-turning  responses  are  innately  related.  The  situation  pictured  in 
Figua*  2.  incidentally  J  is  one  in  which  we  are  able  to  record  the  child's 
sucking  characteristics  poly  graphically.  [  might  say  as  an  aside  that  we 
also  hjvc  the  opportunity,  using  this  automated  technique.'  of  feeding 
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|(k"  ml ji>l  as  a  consequence  of  certain  typ>sjMt  h^havior  We  can  rem* 
lorwe  hiin  llucnigh  wells  ihal  enable  th^*  introduciion  info. his  moufh  of 
ilevlrose  soluiionsor  milk  ifi  conlriMled  afm^?"^^**       ^^"iv  compare 
the  relalive  allraclivi  ncss  uf  gustatory  stimulalum,  but.alMi  tu  retnlorce 
.  the  child  in  learning  studies  .  '  . 

•  * 
OfHJtiifining       »         -  .  ^ 

In  ouf  ^.Ondilioned-hcad-tuiTiing  studies,  we.capitah/e  on  a  rcsportsc 
that  is  in  the  newborn  chiUSi  fepertoirc  of  congenital  asponscs.  the 
rooting  rellex  or  the  turning  of  the  hcatJ  '.o  the  stimulated  side  Wc  feed 
the  clnltfwhen  he  turns  his  head  after  wc  touch  him  on  the  face  The 
touch  induces  a  head-tummg  response  a^S^^ul  25^^  of  the  tune  If  we 
^>und,one  tune,  touch  the  baby  on  the  left  side  of  his  lace,  and  feed 
lum  lor  turning  there,  the  heaaauming  response  in  that  direction  gocv 
up  from  25' '  to  '75^'  In  ik-  same  child  and  on  alternate  trials,  if  we  *  * 
sound  another  tone  and  touch  in  the  same  place  but  do  not  feed  him 
Uit  turning  his  head  iix  ,  do  not  o{X'rantly  reinforce  the  response),  the 
Ifciiuency  of  the  response  will  either  remain  the  same  or  even  go  down 
to  around  20  ?"  Wc  are  thus  abk  to  establish  discrimmation  in  the  ncw- 
hoxn  child  on  the  basis  of  tones  and  touci}  to  the  cheeks,  feeding  dlffe^ 
cntsiilly  m  the  presence  of  the  two  tones. 

An  elaboration  of  that  technique  involVes  switching  tones  A  and  B. 
11  A  v0ts  the  previously  reinforced  tone,  such  that  the  child  ivas  fed  for 
resp* ending  to  tone  A  plus  touch  and  has  come  to  respond  15^^  of  the 
tune.  we\an  make  A  the  negative  tone  and  B  the  positive  tone,  and  we 
^  get  tlip-over  behavior  The  child  who  was  previously  responding  moa*  to 
*  \  than  to  B  t  A  havmg  beenr  reinfoaedJ  can  now  be  made  to  respond  , 
more  to  Bthan  to  A  simply  through  changing  the  reinforcement  con- 
tingencies *  Even  the  newborn  child,  not  to  mentioq'the  2-week-old  or 
2  inonl4)-old  child,  is  remarkably  receptive,  and  his  behavior  changes 
markedly  in  consequence  of  the  stimulation  provided      *  r 

In  speaking  io  nurses  with  considerable  experience  with  newborn 
babies,  I  have  often  been  ama/ed.  in  view  of  tbcir  extensive  opportu* 
nities  lo  observe  infants,  that  many  do  not  believe  that  newboni  bal^ica 
call  sec  When  we  invite  them  into  our  laboratory  and  show  them  new* 
born  babies*  hori/ontai  and  vertical  scanning  of  dangling  objects,  they 
are  often  overwhelmed  and  begin  to  wonder  about  their  own  visual 
inTrception 
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In  jiidttiun  loour  iH  wbofn  ml»jni  iatHnjIorj  jiwfic  Ptovidcncc 
Uinglln  ilui^ptt al.  \fcc  liuvc  a  rcwarch  tacility  aL^SfTviiKijnl \  Hymc 
for  InKjsii^.  at? orphaiiagl-  in  Rhode  Island  ?  shov^^  an  apparatus  . 

fiy  hcad-Iurning  v  xpcnMiciUs  ai  ihc  ;npha^gc  TluTlH  ad  Uiniing  as  rc^ 
corded  «n  ^  polygraph.  ^  Uial  tl  is  p^sy(>lc  to  nulc  its  dwCclion  and  cv 
Icjl!  The  appa^ratiis  yrould  bir  sui!abky(f>r  the  sludv     visual  exploration 
m  miant^.  although  wc^a^c  not  used  it  that  Vkds  "^hcn      ^ent  to 
woik  in  the  infjnt  home,  wv  discovered  titat  the  jums  fud  sum}i:ndod  - 
mobiles  over  the  cnbs  of  infants  as  young  as  ^  days  ot  age  That'v^ js  ^ 
mn  pjit  o1  o'     ^penmertt.  It  lusi  happened  to  be  vvhat  v^ts und  isi 
done  in  that  p^./tcubr  insiiuiniui  I  he  per^ui^nel  were  avy^re  iKi|^»re 
we  arrived  on  the  s^eneiof  the  hleiature  relating  to  elfevtsol  stimulus;  * 
deprivjfiun  iipon  tifr  dev^opment  ot  personality  and  other  psKholugivT 
aUribjites  .  *  ^ 


f 


erJc 


396 


LEWIS  K  upsnt 


\ 


.     ^  Conjugate  Rewfaiifig  uith  Mobiles 

Stimulated  by  the  presence  or  the  mobiles  there  and  by. some  sugge»^  r 
tions  of  J,  McV,  Hunt*  concerning  their  attracttvencss  for  mfsints.  nue  '  * 
did  some  studies  with  mobiles.  There  is  a  vast  ai^ount  of  literature  \ 
operam  conditioning  m  animals  and  children.  Most  of  the  Work  has 
used  what  I  would  call  pellet  n(in(prcement  -the  delivery  of  something 
Js^  that  is  discrete  and  can  be  picked  tip  by  the  child  or  popped  into  hit 

mouth,  such  as  a  small  piece  of  candy.  But  concentration  on  that  type  ^ 
of  reinforcement  reheats  a  restricted  view  of  what  feinforcement  is  like  . 
.    in  real  life.  Picture,  for  example,  what  goes  on  between  a  mother  and  a  . 
nursmg  child.  Whatever  n^in^rcement  occufs  is.  not  of  the  pellet  varietyr 
Wlicn  the  child  is  sucking  at  Uie  breast  or  bottle,  the  haider  he  ^cks, 
the^ore  food  he  gets;  reinforcement  {%  commensurate  with  t(ie^£re- 
s        ^  quenty  and  inttnsity  of  the  sucking.  I  submit  that  visual  reinfbr^moit 

in  real  life  !s  more  like  that,  and  not  so  much  like.pellet  ^forcement.  . 
We  implemented  research  ii)voh^ing  visual  reinforcement  oftlfe  hanj^g* , 
mobile  type,  in  which  the  child  controls  his  own  visual  input  from  hi| 
surrounding^.  Now,  most  parents  anff  nurseries  simply  su^iidL  the  mo* 
^\^%  4^ove  the  crib.  What  would  happen  if,  instead  of  suin^rding  th6  ' 
vt^al  stimulation  before  the  chilU,  we  enabled  the  child  ttfcontrd  his  ; 
*  '    '    ;  tfwn  input?  That  is  really  what  we  all  do  when  we  turn  ounietfOs  and  * 
move  our  eyes.  We  control  our  own  visual  input,  presumably  in  some   ^ ' 
sort  of  rational  manner  havii^t  to^^ido  with  the  curiosity  or  inteitst  Value 
of  the  ^timtilw^.         •  ^  / 

Carolyn  K*nt  Rovee.  a  (ormer  student  i%the  firown  Univ^rsit^<^dt^ 
Uboratories^  implemented  a  study  with  her  own  2-month-old  ciwIPinvl 
with  five  other  children  ^gmilar  agc^  using  a  type  of  reinforcemeni,  :  ^ 
such  as  that  just  describMP^  It  is  catieiLl*  ''conjugate  reinforcement'''^;  t  . 
think  Ogden  Lifidsley  devised  the  te^tra  to  sigjiify  situaxions  in  whioh 
the  subject  is  in  direct  comtibl  of  tlie  reinforcer,  the  kinforcer  occu^ 
ring  immediately  and  being  commensurate  in  intensity  >iidth  the  tctivity^i 
of  Ihe  subject.  Pressing  on  an  accelerator  pedal  would  be  an  example  of'^ 
this  sort  of  interaction  beUreen  a  subject  and  hb  environment;  turning  • 
.    spigot  to  obtam  water,  in  ^ter  amounts  with  increasing  turns  of  the  * 

spigot,  would  be  another  exllmple.  Two  observers  recorded  the;  le* 
%  sponses.  They  obtained  baseline  measureihent^  Qfactivity  of*  for  ex* ' 
t   4        ample,  the  infants' right  arms;  ifanattn  moved  a  specified  nitnimal 

distam^e.  that  would  be  called  a  response.  Each  baby^i  right  arm  was    ^  ^ 

O  ^  ' 
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MGURI^^*  Mi%?n  f'alc  oiHsponsc  ui>  a  rMmUoit  of  ..onfipic  icinfoucmcnt  vondilion  in  18 
in(mi%  ^^tJ  »cck^  oW,  lc|  auai,hcU  to  mobile  Uunng  jivquiMlion  I avh  point  rcprcMrnts  a  mk 
cc\m  ininufrofj»>hM:HgiUon  l4«.Kvui\c  ivpic^enu  h\  %ubjcwts.  Modified  Itom  Ro\cc  and 

liV^n  lied  to  the  mpbiie  hanging  d1?ave  thc<rib.  so  that  when  the  baby 
jmoved  lis  arm.  the  mobile  moved  - 

l^igtirc  4  show*,  some  data  t>om  Dr.  Rovee\  experiment,  Fir^t,  m 
opcfiint  lever  may  be  seen,  consisting  simply  of  a  3-min  period,  during 
which  she  record^rd  the  number  of  responses  from  each  of  the  six  chil- 
drcn  while  they  were  in  the  presence  of  the  mobile  but  not  operatrng  it 
This  was  followed  by  a  15-min  conjugate  reinforcc^ient  phase.  The 
effect  of  this  reinforcement  on  the  babies*  activity  levels  was  highly 
signifax^nt,  Dr  Rovec  laicr  introduced  an  extinction  period  by  detach- 
ing the  cords  from  the  babies*  limbs.  During  extinction,  there  was  a 
dimmution  of  behavior,  and  the  children  gradually  became  ur\4nterested, 
oral  least  levs  interested  in  the  mobile  than  they  had  been  before  The 
figure  shows  a  cumulative  according  of  a  lull  minute  of  the  limb  activity 
of  a^chrid.  the  child  has  had  a  minute  to  become  higher  in  level  of  re- 
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spoiibc  to  the  manipiflablc  mobile  than  dufing  bubchnc  incasurcincnl, 
when  responses  did  not  affect  movement  of  the  mobile.  By  the  time  the 
first  minute  cxf  the  conditioning  phase  is  over,  the  infant  has  already  had 
an  opportunity  to  learn  that  his  actions  eontrol  the  mobile.  However, 
there  is  not  a  reliable  difference  between  the  last  point  in  ba»ehne  and 
the  jlrsr  point  in  conditioning. 

The  increase  in  activity  between  baseline  and  conditioning  over 
minutes  of  recording  is  highly  significant.  The  infant  is  learning  to  con- 
trol the  stimulus.  Then,  in  extinction,  he  learns  that  he  no  longer  con-  ' 
trols^it.  There  is  actually  a  very  fast  dropoff  in  activity  when  the  baby's 
behavior  no  longer  has  anythmg  to  do  with  the  control  of  th^  visual 
stimulation.  This  is  also  a  /eliable  difference  between  the  conditioning 
and  the  extinction  phases.  Figure  5  deals  with  a  possible  objection  to  a 
learning  interpretation  of  the  effects  shown  in  the  previous  figure.  It 
might  be  argued,  for  example,  that  the  effect  obtained  is  only^appar- 
ently  a  learnfng  phenojnenon  and  that  it  is  due     a  baby's  becoming 
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MINUTES  ,  , 

I      Rl  5  Mean  icsponM;  rate  as  a  lunttion  of  conju|tlc  rcmtoftcmcnt  condition  over  46  mm 
ul  iontmuouN  ohscrvatiun  m  foui  int'jntvfrom  m/viouv  group,  Ivg  aU4chcd  to  mobile  dunng 
.itqinMitoR.  Modeled  from  Rovcc  and  Rovctv  ^  • 
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//  »AS€UNC    .  CONOITIOWNC  IXTINCTIOII      ItCCONOiTlONl^lO  ^  EXTINCTION 

'/  SUCCESSIVE  30  SECOND  INTERVALS^ 


/     FIGURE  6  Unpublished  data  of  Smith  and  Lipsitt  showing  operant  responding  of  infant  in  conjugate 
mobile  situation.  During  baseline?.  infant*s  nght  arm  was  not  in  mechanical  contact  with  mobile.  During  ^ 
conditioning  phase,  the  cord  was  attached  between  the  baby*s  arm  and  the  mobile,  following  which  the  # 
coil  wasa|ji^etachcd  for  an  extinction  session.  Note  that  the  onset  of'crying  elevated  responses  m  the 
secip^  ^function  session*  ,  j  ' 

% 

irtcreasingly  alert,  with  exposure,  to  the  mobile  (and  perhaps  to  the 
experimenter),  and  that  the  eventual  diminution  of  behavior  during  , 
extinction  is  really  a  fatigue  effect.  But  Rovee  was  able  to  keep  four  of 
the  six  subjects  in  a  study  of  reacquisition  after  the  extinction  phase.        •  , 
There  was  recovery  of  the  conjugate  reinforcement  effect,  and  if  the 
subject's  limb  was  released  from  control  of  the  mobile,  his  activity 
then  declined. 

That  the  infants  could  be  sho>yn  to  intensify  their  behavior  when  in 
control  of  their  own  stimulus  input  and  to  reduce  their  behavior  when  , 
the  response  was  no  longer  pertinent  to  visual  input  indicates  that 
lively  visual  stimulation  may  serve  as  a  reinforcer  to  enhance  learning 
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behavior.  It  might  also  be  speculated,  con vcrsely^ that  the  itfflnVs  op- 
portunity tolfontro!  his  own  visual  environment  cnhances'the  attrac- 
tiveness of  tlut  Stimulation. 

Following  Dr.  Rovee's  study,  I  was  fortunate  to  have  another  stu- 
dent; Mfs,  Lesue  Smijh,  who  decided  to  follow  her  own  baby  over  a 
lo«g^eriod  in  this  type  of  mobile  reinforcement  situation.  Her  data 
relate  to  the  behavior  of  this  one  child  successively  tested  over  several 
months  and  with  different^mobiles.  The  responses  of  this  baby,  first 
seen  at  6  weeks  of  &ge,,m9y  be  seen  in  Figures  6  and  7  in  the  baseline 
condition.  Following  ;hi^^  Mrs.  Smith  attached  the  cl^ld's  arm  or  leg  to 
the  ^mobile  in'a  manner  similar  to  the  procedure  used  by  I)rJ[lovec. . 
Mrs.  Smith,  however,  introduced  an  automated  proccdup^lor  counting 
responses;  the  lead  to  the  counter  is  attached  to  the  bahjy's  limb  along 
w,ith  the  mobile,  so  that  a  minimal  movement  would  activatT^  the  re- 
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SUCCESSIVE  30  SECOND  INTERVALS 

FlGUht  7  Unpublished  data  of  Smith  and  Lipsitt.  4n  'third  training  semion,  infantas  n|h<  leg  responses 
,  activated  the  mobile  during  conditionii\g  periods.  Response  is«ievjitcd  during  conditioning,  in  contrast 
with  performance  during  baseline  and  extinction  periods.       «    ,  ^  . 
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,corder.  It  may  be  seen  that  when-febft  mobile  was  controlled  by  the  child 
there  vww  an  increase  in  response,  then  a  defclinc  under  extinction  con- 
ditions, then  an  increase  and  decline  again,  and  so  on.  The  conjugate  re-  • 
inforcement  phenomenpn  obviously  .occurs  even  at  6  weeks  of  a|e 
♦(rather,  it  can  oc^ur;  thtre  are  undoubtedly  ii\dividual  differences  about 
which  we  know  very  little),  and. it  can  be  a  striking  phenomenon.  Note 
that  in  this  extinction  pnase  the  baby  began  crying,  following  training 
in  control  of  the  stimulu^,  when  his  control  of  it  was  removed.  This  cry- 
ing phenotnenon  occurre^d  frequently  in  this  child  during  extinction 
phases  and  Mrs.  Snfiith  responded,  as  would  most  mothers,  by  making 
the  mobile's  movement  o|ice  again  available  to  the  child,  whereupon 
crying  stopped.  This  phenomenon  may  well  be  akin  to  or  a  precursor 
of  what  is  called  "separation  anxiety"  in  older  children.  When  Mrs. 
Smith  changed  the  mobile^  sheTound  that  introduction  of  a  novel  mo- 
bile enhanced  the  response  of  the  child.  On.  the  basis  of  data  obtained  ^ 
later,  it  seems  to  us  that  this  was  not  merely  an  effect  of  novelty,  which  * 
was  systematically  checked  out,  but  was  a  true  preference  of  a  red  mo- 
bile over  a  white  one  (Figure  8).  Again,  response  level  went  down 
sharply  during  extinction,  although  the  child  was  still  in  the  presence 
of  the  red  mobile* 


Conjugate  Reinforcing  witHSuckitig 

We  are  also  seeing  infants  at  various  ages  in  the  Huntc  Laboratory  for 
conjugate  reinforcement  experiments  devised  and  conducted  by  Pro- 
fessor Siqueland.  in  these  experiments,  the  child  controls  his  visual  in- 
put through  his  sucking  behavior.  The  visual  stimulation  is  presented' 
on  the  screen  (Figure  9).  The  more  fri^quently  and  more  intensively  the 
baby  sucks,  the  more  visual  stimulation  he  gets,  because  the  projector 

*  js  equipped  to  provide  greater  illumination  with  greater  intensity  or  fre- 
quency of  sucking.  It  can  be  set  in  such  a  Way  ih^i  the  child's  visual 
stimulation  wiJJ  be  propoxtional  to  both  the  rate  and  the  intensity  of 
sucking.  One  cai\  use  a  psychophysical-threshold  procedure,  whereby 
the  cHild  has  to  suck  with  a  certain  intensity  or  the  projector  is  not 

•  triggered.  In  such  instaijpjs.  one  can  qper^jintly  reinforce  only  high- 
intensity  sucks,  andaaot  Ipw-in'tensity  sucks.  Fromjhe  behavior  of  con- 
trol subjects  in  this  situation,  it  appears  that  high-amplitude  sucking 
will  wane  over  time  if  it  is  not  reinforced.  Thus,  the  controf^oup 
shows  a  decrement  in  sucking  behavior  relative  to  the  group  whose  be- 
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l^avior  produces  incfCQsed  visU4l  stimulation.  The  parallel  betw«tn  this 
technique  and  the  conjugate  nfiobile  technique  is  perhaps  obvious.^ 
^ Figure  1 0  p/esefits  data  from  three,  groups  of  1 0  4-month-old  ch|k 
dren  in  one  of  Dr.  Siqueland's  studi^s.^  One  group  had  its  sucking  1^- 
^  havior  rejnforced  with  light  onset  and  light  intensification.  Another 
group  was  a  baseline  group,  whicl)  received  no  visual  stimulation  foV 
'  sucking;  the  babies  had  pacifiers  in  their  mouths  and  their  sucking  be- 
^)C-i.  ^havior  was  recorded,  but  the  sucking  did  not  control  the  visual  feed- 
back. A  third  group,  represented  by  the  dashed  line  that  begins  at  they 
bottom,  got  reinforcement  withdrawal  with  increases  in  sucking  that 
^    ^    is,  this  group  started  with  the  visual  stimulus  already  full  on,  and  suc- 
cessive or  repetitive  sucking  on  the  device  produced  withdrawal  or 
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FIGURE  8  Unpublished  data  of  Smith  and  Lipsitt.  Infantas  responsci  to  {wo  mobiles,  one  ted  and  one 
white,  arc  compared  in  successive  sessions.  Response  levels  tend  to  be  higher  during  presentations  of  the 
red  stimulus  than  the  white  stimulus,  and  both  tend  to  be  higher  than  performance  during  extinction 
conditions.  ,  ^ 
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hCURl,  9  \\\(iin{  (y^ating  sucking  manipulandum,  High-in tensity  viuks  mvrcasc^Iluminalton  of  sliduK 
shown  on  scfccn  in/roqj  ot  subjJct,  (After  I  .  R.  Siqut;Iand.) 


stimulus  commcnsurdttf  with 


dimiiuition^oriltuminiiti^n  of  tlic  visua 

the  higl^-amplitude  sucking.  ►  '  -  .  . 

Thcbc  children,  4  mwiUhs  old"(  w^Tv  b.cing  opcrantiy^  reinforced  Tor 
their  sucking  behavior,%and  the  behavior  was  controlled  by  thl  "nov-' 
elty"  and  attractiveness  of  the  stimulus.  This  technique  should  enable 
us  to  fticrcase  i^in*  understanding,  as  ilid  Faatx\  iniiovtjtionsf  of  atten- 
tional  processes  in  the  infant  and  the  preferences  that  infants  have  for 


^different  stinuiiation  at  different  ages. 


IM PLICA  TIONS  tN  PRKM^  TO^ITY 

We  will  be  able  to  follow  some  of  tliese  children  when  the>l  become 
readers  and  perhaps  see  ho/v^  some  of  our  intervention  procedures  do 
work.  For  example,  we  have  a  study  in  our  Child  Study  Center  with 
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premature  children,  who  are  fortuitgusly  subjected  to  a  relatively  im- 
poverished environnient.  sometimes  for  as  long  as  the  first  two  months 
^of  their  lives.  The  natural  state  of  affairs  ip  the  ordinary  premature 
nursery  of  most  hospitals  is  such  that  the  infants  exist  in  what.hiay  be 
a  rather  deprived  setting  compared  with  the  experiences  that  normal 
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C0N02      .  EXTINCT2 

ONE    MINUTE  INTERVALS 

MGURF  10  Unpublished  daU  from  cxpcrimcftt  of  SiqucUnd  involving  three  groups  of  10 
4*monlh  o  d  infanis  in  whom  sucking  aclivily  produced  different  visual  consequences.  One 
group  received  visual  reinforcement,  the  sucking  behavior  of  a  second  group  was  associated 
with  stimulus  diminution;  and  a  third  groap  served  as  a  control,  with  no  vjisuaJ  changes  oc- 
curring during  the  recording  of  sucking  behavior. 
I 
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full-term  newborn  infants  have  outside  an  incubator,  in  contact  with 
adults.  There  are  considerable  data  available  1o  indicate  that  the  pre- 
mature child  is  in  developmental  jeopardy  for  some  time  after  he  is  dis- 
charged from  the  premature  nunnery  and  is  growing  up  normally.  Avail- 
able documentation  indicates  that  premature  children  as  a  group  tend 
to  have  lower  intelligence,  be  poorer  readers,  have  more  difficulty  in 
school,  and  so  on.  Statistically  speaking,  the  premature  child  has  handi- 
caps that  seem  to  persist,  and  one  hds  to  wonder  why.  Some  biologic 
explanations  might  be  inv^oked:  the  viability  of  the  organism  was  jn 
jeopardy  from  the  start,  it  suffefcd  respiratory  distress,  and  it  did  not 
have  the  full  complement  of  fetal  nurture  normally  received  by  the  full- 
term  infant.  But  one  has  to  entertain  an  alternative  hypothesis,  namely 
that  part  of  the^deficit  results  from  the  understimulation  that  is  made 
necessary  for  the  first  few  weeks  or  months  of  postnatal  life  by  the  bio- 
logic prematurity.  Dr.  Siqueland  is  attempting  to  provide  compensatory 
stimulus  enrichment  tg  premature  babies  through  various  means.  The 
Qhildren  are  reinforced  for  looking,  and  they  get  picked  up^  rocked, 
and  spoken  to  by  motherly  nurses;  in  fhis  way,  they  are  provided  with 
extra  Visual  and  other  stimulation  of  a  wide  variety.  It  is  Uie  intent  tcT 
follow  up  tiiese  infants  for  a  long  period  to  find  out  what  effects  occur"  - 
over  the  long  run,  in  contrast  with  a  control  group  that  receives  the 
routine  premature  care.  v 

On  foHow-up,  one  of  thcsituations  to  which  the  infants  are  subjected 
is  the  sucking  visual  reinforcement  previously  described.  Thus  far,  a 
number  of  children  have  come  back  at  4  months  of  chronologic  age, 
some  of  them  having  been  out  of  the  hospital  for  only  a  couple  of 
months;  among  tlfese  infants  are  several  sets  of  twins.  When  the  stim- 
ulated twins  are  now  tested  in  the  controlled  learning  situation,  those 
who  have  had  such  training  seem  on  the  basis  of  preliminary  findings' 
4o  learn  faster  in  this  conjugate  reinforcement  situation.  The  stimulated 
pnd  nqnstimulated  premature  babies  are  tested  ''blind''  by  an  assistant 
who  does  not  know  whether  they  are  stimulated  or  control  subjects,  • 
Fir^  indicaiions.are  that  at  least  some  learning  effects  are  facilitated 
by  early  stimulation  of  the  premature  children.  "  ^ 

P 

REtB4CANCk\T0  READING 

Let  me  try  to  draw  some  conclusions  in  an  attempt  to  make  these  data 
O    program  of  studies  relevant  to  the  concerns  of  the  present  con- 
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fcrence.  It  should  be  apparent  fhat  v^ry  young  infants  do  indeed  learn. 
It  should  also  be  obwous  from  our  C(^njugate  reinforcement  data  thsrt  - 
infents  are  ettptivJ^  by  visual  stimulation,  particularly  if  it  is  novel.  It 

^  is  import^at  tg  /tote,  howeve^,  that  sbme  of  our  most  striking  learning 
effects  in  infants  appeaf  in  situations  \n  which  the  baby  himself  is  acting 

^on  the  environment  to  change  his  visui^l  input. 

What  docs  all  this  mean  for  readJhg  disability?  First,  the  human  being 
is  very  responsive  to  stimulation,  including  visual  stimulation,  from 
birth  onward,  and  techniques  arc  ncjfw  Available  for  extensive  and  longi- 
tudinal study  of  the  ways  in  which  newborn  and  older  infimts  are  af- 
.  ■  fectcd  by  their  visual  surroundings.  Second,  it  is  now  inappropriate  for  us 
(educators  and  psychologists  alike)  to  think  in  terms  of  merely  waiting 
for  maturation  of  some  behavioral  processes.  We  now  know  that  the 
failure  of  some  kinds  of  behavior  to  occur  is  experientially  induced, 
and  it  appears  that  the  overemphasis  on  maturational  processes  as  pri- 
mary determinants  of  developmeiit  has,  to  someiJxtent.  precluded  or 
inhibited  our  full  exploration  of  the  real  learning  potential  of  children 
at  different  ages.  Too  often  ve  are  inclined  to  say,  when  a  child  does 
not  seem  to  be  learning  to  read  well,  that  he  is  not  mature  enough,  that 
he  is  not  ''ready"  for  reading.  That  position  is  often  just  an  escape-a 
poor  excuse  for  our  lack  of  competence  in  devising  appropriate  tech- 
niques for  producing  the  desired  behavior.  We  child  developmentalists  ' 
and  educators  cannot  retreat  much  Ipfjgek  into  the  maturation  argument 
to  account  for  our  failures  to  implementirppropriate  techniques  to  facil- 
itate education  in  children  of  diverse  experience. 

We  saw  from  the  presentation  of  Dr.  Flom  (p.  291)  that  by  3  years  of 
age  at  most,  and  I  would  guess  by  I  or  I    years  (if  not  before),  the 
child  has  the  appropriate  visual-acuity  equipment  to  do  a  If^  of  things 
that  were  at  one  tfmc  thought  impossible  for  the  very  young.  Jhe  argu- 
ment  tniit  4-year-olds,  for  example,  lack  the  appropriate  visuaLappara- 
tus  to  read  has  obviously  been  refuted,  but  that  is  exactly  the  kind  of 
'•reading-readiness"  argument^that  has  been  offered  in  the  past  to  for- 
bid eariier  exploration  of  children's  reading  potential.  I  do  not  advocate 
teaching  I -year-olds  to  read,  and  in  fact  I  do  not  know  whether  it  is  pos- 
sible, Mweover,  I  have  no  idea  as  to  whether  it  would  be  good  to  teach 
a  I  -year-old  or  even  a  3;year-oId  to  read;  that  is  quite  another  issue.  But 
because  the  eariy  indications  are  that  it  is  possible  to  do  so-  we  can  no 
longer  rcsort^o  the  often-voiced  argument  that  it  is  better  to  wait  for 
mati:ration  of  ^'reading  readiness"  to  evolve.  From  the  scientific  point 
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of  view,  moreover,  the  learning  components  of  "reading  readiness ' 
should  be  given  further  study.  Certainly,  jxtceptual  pretrainmg  and 
transfer  of  the  effects  of  such  training  to  the  reading  situation  consti-  , 
tiiie  important  areas  for  exploration.  Pretraintng  with  visual  stimulation 
of  the  sort  that  I  have  described  here,  perhaps  along  with  coordinated 
auditory  stimulation  such  as  occurs  in  real  life,  must  be  exceedingly  im- 
--portant  in  the  development  of  fascination  with  reading  materials  on  the 
part  of  children  who  read  well  and  who  like  to  read. 

 It  IS  my  belief  that  children  who  read  well  and  who  read  a  lot  find 

some  sort  of  joy  in  reading  joy  in  controlling  their  own  environment 
.  very  much^as  the  children  in  the  conjugate  reinforcement  situation  seem 
to  (njojr  manipulating  their  own  visual  input.  Controlling  one's  own  vi- 
sual  environment  (and  hence  perhaps  one's  visual  fantasies  and  imagery) 
must  be  one.of  the  reinforcing  characteristics  involved  in  the  persistence 
pXiJliidrng  behavior.  If  a  child  is  going  to  enjoy  reading,  or  enjoy  the 
^'ingredients'*  or  precursors  of  reading -such  as  looking  at  books  around 
*  his  home,  locking  at  the  printed  word,  and  looking  at  pictures  he  has 
to  be  reinforced.  That  is,  for  curiosity  behavior  to  be  perpetuated,  it 
seems  to  me  that  some  sort  of  reinforcement  process  is  involved  m  look- 
ing at  things  in  the  environment,  the  kinds  of  things  that  reading  teach- 
ers get  children  to  observe  before  they  an?  presented  with  the^  printed 
word.  "  ^ 

My  point  and  perhaps  it  is  far-fetched -  is  that  the  kinds  of  processes 
we  are  dealing  with  in  this  research  on  infants  capitalize  on  the  curiosi- 
ties of  the  child  with  respect  16  visual  stimulation  and  reinforce  the 
—child  for  looking,  or  for  being  curious  J  think  that  this  is  the  sort  of 
thing  that^KOirs  in  the  natural  process  of  growing  up  and  that  rein- 
forcement for  looking  constitutes  a  precursor  for  reading  behavior.  For 
example,  if  you  punish  a  child  every  time  he  looks  at  a  printed  page,  he 
^will  soon  not  have  much  joy  in  looking  at  the  printed  page,  and  that  is 
probably  what  some  teachers  actually  do  to  children  during  the  early 
phases  of  reading  trainihg. 

We  should  note  that  eariy  readers  are  good  readers.  It  is  possible  that 
both  at^^butes  are  simply  correlates  of  intelligence  and  that  intelligence 
is  really  the  primary  cause  of  both  attributes;  but  I  think  that  it  is  rea- 
«)nafile  to  eonsfdeMhe  possibility  that  early  visual  and  other  stimula- 
tion is  an  important  determinant  of  all  three  *'arly  reading,  proficient 
reading,  and  intelligence. 

Finally.  I  think  that  reading  disorders  call  for  developmental  mvesti* 

O  ' 


« 


I 

faliuns  of  learning  processes  artd  learning  disorders.  The  antecedents 
of  reading  disabilities  must  have  a  good  deal  in  common  with  other 
developmental  and  leammg  attributes.  We  will  know  more  about  de- 
vebpmenttti  processes  generally  when  th<?  learning  of  reading  ts  better 
VunSerstood,  and  we  will  knew  more  about  nradmg  aberrations  when 
developmental  and  learning  processes  arc  be^cr  understood.  SimitUrly, 
learning  disorders  call  for  the  discovery  of  new  types  of  remedial  tech- 
*    niques  involving  learning  principles:  Even  children  who  have  true  brain 
dysfunction  have  to  learn  and  do  learn  new  modes  of  behavior.  A  diag- 
^    *  ,    nosis  of  brain  dysfunction  does  not  preclude  the  bcnefkial  administra- 
tion of  compensatory  training.  It  is  certainly  inappropnate  to  assume* 
that,  if  a  child  has  central  nervous  systerfi  anomalies,  there  is  nothing 
for  the  lcai:ning  psychologist  or  the  educator  to  do  about  it,  from  either 
^  tlte  scientific  or  the  remedial  standpoint.  Appropriate  reading  tech- 
•  niques  are  necessary  for  the  dyslcKie  child  no  less  than  for  tbe'neuro- 
logically  tntdcl child 
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The  Nature  of  Dyslexia 


In  IhiN  paper.  I  ^!uH  aUcmpl  tu  describe  Wrlut  {us  been  and  i>  nicaiU  b> 
(dc  terms  "dv%le\ia/'  Npecitiw  d\sk\M/'  and  '  developmental  dyslexia" 
tJifse  are  ti»nnnon  terms  Uul  have  becoiiic  tonllising  because*  autlu>r» 
have  uxd  ihem  m  s<^»  many  ddkier^  ways  I  shall  dtseu^s  a  number  ot 
'  •  .clin.eal  syndromes  mvolvinp  serious  dUfiuuUies  expenenced  by  appar- 
enll>  healthy  children  bf  average  mtelligence  in  learning  to  read  and  , 
^  write  Some  relevant  work  eon^erned  wUh  ddlkulties  m  leamujg  to 
read  am!  whte  carried      in  the  Department  ol  C  hild  Lite  arid  Health 
m  the  rniverMtv  ot  I  dmburirh  wiU  be  described 

Ke^idmg  and  spelUnj!  disahihties  acquire  J  as  a  result  ot  d<sea.se  u|  Ij^e 
|nani  owuirrmi?  when  reading  ^^nd  wutmg  skills  have  been  developed 
*  will  not  he  diswussed 


i 


imropjc  ii  Rt  l  itw 

*  Man>  ditlerentesot  opmton  abnut  reading disabihtv  lUwhildren  have 
their  oriuui  m  the  ideas  ot  earlier  author*  and  m  misuniweptions  about 
their  vvork     \l  the  nskr  ol  reviewing  math  literature  that Jias  already 

•  been  distuvsvd  extensively ,  it  seems  worthwhile  to  describe  the  lyays 
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m  which  spccilk  difficiiltics  in  learning  to  read  and  spell  came  lo  be 
rccognij^ed.  In  the  process,  many  lermn  were  used  willioul  agreerAent 
on  ihcir  definiliunii 

Ihv  RvamUinn  of  *%*ord  BImdness "  ^  • 

In  the  Ia!»l  half  of  Ihe  jimelcenlh  century .  neurologists  were  parlicu- 
larly  concerned  with  allocating  specific  psychologic  functions  to  spc- 
i;ific  areas  oj  the  brain,  ni^idenlifictition  of  a  "speech  center**  by 
Broca^*  was  followed  by  effprts  to  define  p;iVts  of  the  brain  that 'were 
particularly  concerned  with  readmgand  wnting.  Descriptions  of  adult 
patients  who  lost  the  power  to  read  and  wnte  as  a  result  of  a  variety  of 
brain  lesit>n>  were  soon  publi"^hed.*'^ Hensehen^''  attributed  word 
blindness,  mmuIIv  accompanied  by  difficulty  in  wntmg,  to  a  lesiop  of 
the  left  anpular  gyrus  Dejenne    considered  that  the  lesion  responsible 
tor  "ulc\u''  was  m  the  medial  and  i»fen6r  portions  of 'the  left  occipital 
lobe  ^  ,  ^         .  ^ 

\i  the  same  time,  as  the  first  papers  on  "congenital  word  deitlness" 
and  "dev'  lopmcntal  aphasia"  or  "congenital  aphasia*'  were  being  writ* 
ten*  the  liir>t  irtadcquate  accounts  of  children  who  were  unable  to  rec- 
ognize wntten  words  or  letters  appeared.  They  were  considered  to 
siiffer  from  "congenital  word  bhndness  **''*     Soon,  further  reports 
desvnbed  otherwise  healthy  children  of  apparently  average  intelligence 
who  were  "word  Jbhnd**  or  "letter  bhnd  **  Most  of  the  early  reports 
were  by  ophthalmologists  it  was  perhaps  inevitable  that, 

just  as  i^hildren  who  suffered  from  ^'congenital  aphasia"  were  assumed 
to  have  brain  lesions  similar  lo  those  found  in  adults  suffering  fropi  • 
aphasia,  si> children  with  'Congenital  word  blmdne:^s** or  ^congenital 
alexK>".  were  suspected  of  having  lesions  similar  to  those  described  in 
adults  who  had  lost  the  p^jwer  to  read  and  wnte  Fisher,^"*  for  example^ 
suggested  that  congenital  aplasia  of  one  or  both  Angular  gyn  might  be 
responsible  for  "congemUl  word-bhndness  **  It  was  difficult  J  however, 
to  reconcile  that  interpretatum  with  reports  of  quite  large  numbers  of 
tarnilia!  cases  ol  "word-blifnlness**  that  soon  appeared^' 
A  familv  m  which  six  cases  occurtcd  in  two  generations,  including  four 
HI  one  sibship  of  1 1  children,  was  dcsicribed  by  Hinshelwood  in  191 7.** 

As  Cnlchley  remarks.^^  "what  might  be  called  tlie  early  history  of 
this  condition  [developmental  dyslexia  |  was  closed  by  1917,  when 
f  Imshclwood  brought  out  Ins  second  monograph  entitled  Congenital  . 
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WordSUndnesh^  (in  which  he  reviewed  his  experience  with  3 1  cases  of 
congenital  word  blindness  and  summarued  the  work-of  other  authors 
up  to  that  time).  Hinshelwood  defined  the  condition  as 

a  congenilai  defect  occurring  in  children  wiih  otherwise  normal  and  undamaged 
brains,  characierized  by  a  disability  in  learning  to  read  &o  great  that  a  is  manifestly 
du^  to  a  pathological  condition  and  where  the  atiempts  lo  teach  the  child  by 
ordinary  methods  have  completely  faJ'cd«  .  ! 

Congenital  word  blindness  occurred  more  commonly  in  boys  thun  in 
girls  and  was  often  hereditary.  Some  children  had  difficulties  in  identi- 
fying whole  words  but  could  identify  letters;  others  had  diffitxilties  in  . 
identifying  individual  letters.  Some,  but  not  all  could  not  recognize  ^ 
wr^Uen  figures.  Hinshelwood  considered  that  the  disorder  was  tllie  re- 
sult of  a  failure  to  develop  the  brain  centers  (concerned  with  the  visual 
memory  of  words,  letters,  or  figures.  Auditory  memory  was  commo^nly 
unaffected.  He  made  the  acute  observation  that  some  children  ccnild 
read  text  if  they  wetq  allowed  to  read  aloud  or  even  move  their  lips 
silently  while  reading*  but  could  not  read  silently  without  movement 
of  lips,  tongue,  or  palate.  Most  patient.s  could  copy  written  matcFw 
but  they  were  quite  unable  to  write  to^d^jation.  Hinshelwood  inter- 
preted this  as  indicating  that  there  wavSQ^jitiency  in  the  ability  to 
remember  letter  and  word  shapes.  Because  of  their  difficulties  in  read-^ 
ing,  many'children  guessed  at  words  that  they  could  not  identily-and 
used  accompanying  pictures  as  clues  to  the  contents  of  the  written  ma- 
terial He  noted  that  many  patients  who  suffered  from  ''congenital  word 
blindness"  improved  as  they  grew  alder  and  responded  to  teaching. 

Hin^hcIwood\  account  of  the  clmital  findings  in  children  who  suf- 
fercd  from  '  congenital  word  blindness"  was  remarkabl>^mplete,  al- 
though he  did  not  comment  on  the  frequent  history  of  'aSbciated  re- 
tarded speech  development  or  on  "crossed  laterality,"  an  increased 
tendency  tu  lel't  lundedncss  and  ambidexterity  already  noted  by  other 
authors/* ^^'^  McCready  postulated  tliat  there  were  common  etiologic 
factors  m  *'word'blmdness,**  "congenital  word^deafiiess/'  *'delay  in  the 
acquisition  of  speech/"  and  "stuttering."  All  these  disorders  could  be 
regarded  Is  being  the  result  of  "biological  vanatnms  m  the  higher  cere- 
bral centres  Causing  retardation"  of  the  various  functions  of  language. 
He  thought  that  they  were  the  result  of  variations  in  the  degree  of  cere- 
bral dominance  that  was  also  manifest  in  weakness  of  lateralization  of 
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handedness  shown  by  maay  patients.  Hinshelwood's  idea  that  under- 
f  development  of  cerebral  dominance  was  important  in  determining  the  ' 

disturbance  of  spoken  and  written  language  in  his  patients  probably  had 
considerable  influence  on  later  authors,  particularly  Orton.*^^**^ 


ac( 


Study  of  Perceptual  Defects 

After  Hinshelwood's  work,  further, studies  of  patients  with  difficulties  . 
in  learning  to  read  and  spell  were  devoted  largely  to  more  accurate  de- 
scriptions and  analyses  of  their  dil'ficulties  in  recognizing,  orienting, 
^  interpreting,  and  reproducing  written  symbols  of  spoken  language. 
Brenner,  »^  in  The  Psychology  of  Special  Abilities  and  Disabilities, 
appears  to  have  been  the  first  author  to  study  systematically  the  na- 
ture of  the  perceptual  defects,as$ociated  with  reading  disability.  She 
attributed  reading  disability  to  faulty  visual  Wmory  in  one  child  and 
to  poor  auditory  discrimination  and  memory  msiinother,.but  in  many 
other  patients  she  was  unable  to  discover  any  eviafeice  of  peroeptual 
d.eficits  and  was  at  a  loss  to  account  for  the  children's  difficulties  in 
learning'to  read.  She  speculated  as  to  whether  reading  required  some 
specific  synthesizing  ability  that  it  was  not  possible  to  study  With  the 
means  at  her  disposal.  Fildes'*'^  observed  that  children  who  failed  to  4 
learn  to  read  and  write  had  difficulties  in  recognizing  and/eproducing 
shapes,  designs,  and  patterns  other  than  those  found  in  written  material 
Unfortunately,  a  high  proportion  of  her  patients  were  mentally  defec- 
tive; her  findings  may  have'been  due  partly  to  the  fact  that  the  discrim- 
inatory powers  of  her  subjects  were  immature  at  the  time  of  testing.*^**^ 
Gates^^  found  t|iat  children  aged  8  or  more  with  reading  disability  were* 
as  able  to  detect  small  differences  in  the  shapes  of  test  objects  as  were 
those  who  had  no  reading  difficulties.  He  denic^that  visual  perception 
or  memory  could  account  for  reading  disability,  and  thought  unfavorable 
environmental  factors  including  defective  teaching,  poor  home  back- 
ground, and  emotional  disturbances-  were  more  important  than  percep- 
tual difficulties  in  causing  reading  disability.  Bachmann,^  using  tachisto* 
scopic  exposure  techniques,  came  to  similar  conclusions.  He  was 
particularly  impressed  by  the  fact  that  children  w^t^^specific  reading 
difficulty  read  e>  tremely  slowly.  Ombredane*<*^4ound  no  abnormal-  . 
ities  of  visual  foim  discrimination  in  three  carefully  studied  children 
aged  1 2'*14  who  had  reading  difficulty.  ^ 

^  The  contempcrary  studies  of  Feyeux*^  have  not  received  the  atten-, 
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tion  they  deserve.  Not  only  did  she  describe  ac<iurately  the  findings  in 
children  with  retardation  of  speech,  but  she  also  noted  how  frequently 
it  was  associated  with  difficulties  in  learning  to  read  and  write.  She  em- 
^phasized  that  reading  and  writing  difficulties  inu$t  be  considered  to  be 
parts  of  a  general  language  disability,  although  she  recognized  th^ft  a 
proportion  of  children  with  difficulties  in  learning  to  read  and  spell 
showed  no  obvioas  abnormalities  in  thfe  development  of  speech. 

•    •  '     '  / 
Reversals  Recognized 

Orton*^^'^^^  emphasized  the  extent  to  which  children  who  suffered 
from  **word  blindness"  tended  to  reverse  the  order  of  letters  and  syl- 
lables in  words  or  of  words  in  sentences.  He  noted  the^instability  in 
recognizing  and  recalling  the  orientation  of  letters  and  the  order  of  ^ 
letters  in  words,  which  he  called  **strephosymbx)lia"  (twisted  symbols). 
In  writing,  this  was  manifest  by  the  fact  that  l^^ters  were  often  mal- 
'formed,  apparently  because  the  child  was  vague  about  the  shape  he  was 
trying  to  reproduce.  They  weri?  often  reversed  wholly  or  in  part,  and 
the  order  of  letters,  syllables,  oi^ words  was  often  reversed  or  otherwise 
confused.  Thus,  spelling  was  very  unreliable  and  inaccurate.  Many  pa- 
*  tients  could  write  and  read  mirrorwise  muca.more  easily  than  unaf- 
fected children. 

Orton'^*^oias  impressed  by  the  frequency  with  which  he  Found  his 
patients  to  be  ambidextrous  or  left-hmided  or  to  show  conflicting 
lateralitj;  of  eye  and  hand.  He  hypothesized  that  in  his  patients  there 
was  an  intermixture  of  cojitrol  in. the  areas  in  the  two  hemispheres  of  ' 
the  brain  that  serve  the  visual  or  reading  part  of  the  language  function 
and  that  in  normal  children  are  active  only  in  the  dominant  hemisphere. 
He  suggested  that  there  mi§ht  be^^jonflict  bet\yeen  the  mirror'imagesin 
the  two  hemispheres  when  word-blind  children  attempt  to  build  associ- 
ations between  letters  ^ind  spokt^)  wortJs.  As  a  result,  confdsion  of  ori- 
entation and  sequenang  flight  Qcciir:  /  .  "   N  y0r^ 

the  data  >ye  have  assembled  from  the  study  of  left  handedness  and  of  various 
lai>guage  difn^^ullics  m  the  family  stock  of  children^hu  have  a  specific  disability 
injearning  lo'read  and  show  the  strcphosymbolia  syndrome  give  what  to  me  is 
convincing  evidence  that  such  children  represent  mtergr^^es  between  righl-sided 
and  left  sided  familial  tendencics.and  that  the  reading  disabiluy  follows  fairly  , 
dcfmite  hereditary  trends. ...  In  families  with  this  disturbance  there  are  also 
inore  than  the  expected  number  of  left-handed  members  and  persons  with  delayed 
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speech.  Stuttering,  reading,  writing  and  spelling  disabilities,  and  abnormal  plumsi-  . 
ness  (developmental  apr^ia).  In  the  childhood  histories  of  children  who  come  to 
attentidn    presenting  reading  and  spellmg  problems  we  not  infrequently  find  indi- 
caitcr^i  of  developmental  deviations  in  tKeir  acquisition  of  spee^  and  motor 
patterns. 

He  was  careful  to  point  out  that,  although  he  had  descri1iedj"devc1pp-\' 
mental  word  deafness/'  ''developmental  motor  aphasja,*'  'yeVeldp-  . 
mental  alexia,"  and  "developmental  agraphia"  separately,  ihese  dis- 
orders were  in  fact  commonly  found  together  in  individual  patients. 
He  emphasized  their  common  etiologic  and  clinical  features, and  re- 
garded them  as  manifestations  of  a  disorder  of 

language  as  an  evolutionary  human  function  associated  with  the  development  of  a 
hierarchy  of  complex  integrations  in  the  nervous  system  and  culminating  in  uni- 
lateral control  by  one  of  the  two  brain  hcmisphet^es  (cerebral  dominance). 

Retardation  in  acquiring  reading  suggested  that  there  was  some  hiter- 
ference  with  this  natural  process  of  growth  and  development. 

Orton  and  his  disciples  stimulated  interest  in  children  who  W^re  slow, 
to  read.  Many  papers  appeared  in  the  United  States  and  in  European  | 
countries  describing  patients  who  were  **dyslexic,"  "alexic,"  Or  **re-^ 
Warded  readers?'  suffering  from  "strephosymbolia."  Many  of  these 
papers^®***  reported  children  with  symptom  complexes  Very  similar 
to  those  described  by*  Orton, 

Creak^^  described  38  boys  and  1 2  girls  with  intelligence  quotients 
upwards  of  70  who  attended  a  child  psychiatric  clinic.  They  were  2 
years  retarded  in  reading,  compared  with  their  mental^ ages  as  judged  by 
stand.ud  tests.  She  noted  that,  compared  with  children  in  the  normal 
population,  a  high  proportion  of  patients  showed  mixed  dominance, 
i.e.,  were  left^jjinded  and  right-eyed  or  right-handed  and  left-eyed.  She 
asked  children  to  match  shapes  and  patterns  and  reproduce  them  from 
memory  at)d  wUh  the  pattern  in  front  of  them.  She  tested  their  ability  ^ 
to  listen  to  a  simple  rhythm  and  to  reproduce  it;  many  of  her  patients 
failed  to  do  it.  She  found  that  reVersajs  of  numbers  in  reading  and 
writing  to  dictation  occurred  lessTrequently  than  she  had  expected 
on  the  basis  of  the  findings  of  Orton     and  Monroe.^  Sh.e  noted  thfe 
Trequcncy  with  which  psychiatrioyjiTiptoms  were  found  in  children 
suffering  from,  reading  disabilities  and  speculated  .about  the  extent  tQ 
which  these  symptoms  were  the  rc;sult  of  roadi;{g  difficulties  and  con- 
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sequent  unhealthy  attitudes  on  the  parts  of  parienj^^^jrid  teachers  and 
Jibout  tlig^xtfittno  which  they' contributed  to^e^^ 
^fortunately,  a  rather  high  proportion  of  her  patients  were  of  below  J  , 
average  intelligence.  ^ 
♦    Eusiis*^.  described  a  family  in-which  four  g^neiS^Shs  sbovced  ^n^ 
excess  of  knbidexterjty;left-baridedw^  •  • 

speech  development," or  other  speech  tlil6rders  aii4  readiifg  disability-. 
He  noted'fhat  "Jhesecondltrorts  occur  together  in  ,the  individual  and 
.  in  Jhis  family  tree  silfficientiy^gftpn  to  constitute  a  syndrome,'^  l)ut  that  , 
aH  the" symptoms  he  had  described  w^re  found. normally  in  mfants  and.  ' 
•young  children,  and  were  to  be  regarded  as  abnormal  only  when  they^y^^ 
r.pdr^sted  into  later  childhood  and>adult  life.  Eustis^^descri^^fHfS'''"^ 
cKfttE^  with  reading  disability  in  21  families.  He  fouciiikSTamily  his- 
tory ofsp^'ech  or  reading  difficulty  in  a  high  proportion  of  patients. 
The  massive  ^ork  of  Hallgren^'  in  Stockholm  contriputed  significantly 
to  the  understanding  of  the  genetics  of  "specific  dyswxi^."  HallgrSn 
found  that  88%  of  the  children  he  studied  had  a  familiJhistory  of 
speecltor  reading  disorders,  I 

In  i^ries  of  studies,  Hermann  and  his-colleagues^y^'  reported  on 
the  deficient  penmanship  and  abnormal  spelling  of>mildren  with  "spe- 
cific dyslexia."  In  writing,  there  was  malalignment  of  Idters,  omission 
or  repetition  9f  words  and  letters,  rotation  of  le/ters,  odd  punctuation 
marks,  and  misspellings.  Typical  faults  were  the  partial  or  coriTpletp  re- 
versal of  groups  of  letters  and  too  short  or  too  long  linkages  between 
letters.  Sometimes  letters:  ran  into  each  other  and  children  w^re  espe- 
cially likely  to  omit  letters  that  were  not  sounded.  He  noted  the 
marked  tendency  for  children  to  write  "phonetically'*  and  related  it 
to  their  poor  memory  for  the  shapes  of  words.  He  suggested  that  ^ 
that  might  be  attributed  to  some  "underlying  idiomotor  apraxia.** 
Hermann^*^^  considered  that  childre4i.wttft  speicific  dyslexia  could 
be  defined  as  those  having  ^/ 

'    *    * .  *     /     ^  i '  , »  '  ,        \  ^  ' 

a  defective  capacity  for  acquiring  at  the  normal  time  a  proficiency  in  reading  and 
writing  corresponding  to  average  performance;  the  deficiency  is  dependent  upon 
constitutional  faqt^s  (Kcrcvlity ),  is  bfttfn  accompnied  by  difficulties  with  pther 
symbols  (numbers,  musical  notation,  etc.),  it  exists  in  the  Absence  of  jntdlectual^ 
defect  or  defects  of  the  sense  organs  which  might  retaisi^he  normal  accomplish* 
ment  of  these  skills,  and  in  the  absence  of  past  or  present  appreciable  inhibitory 
influences  in  the  internal  and  externa!  environments. 
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/Hermann  was  stnick  by  the  similarity  of  the, findings  in  children  with 
.  Tfword-blindness"  and  those  in  Gerstmann's  syndrome,  in  which  right- 

left  confusion,  finger  agnosia,  dyscalculia,  and  agraphia  were  found. 

He  wfote^*: 

■Jifijj  )»flng  had  the  opportunity  of  examining  a  number  of  patients  with 
V  €erstmann's  syndrome  and  having  perused  more  than  1 ,000  csisc  histories  at 
"  th^  Ordbllndeinstituttet,  Copenhagen,  I  have  no  doubt  that  the  fundanwntal 
disturbance  in  congenital  word-bliridness  is  the  same  as  that  of  Gerstmann's 
syndrome. 

Further  case  reports  were  made  by  ftabinovitch  and  co-workers' 
Bender^  and  de  Hirsch^*  noted  that  the  "verbal  visual  configurations'' 
of  children  suffering  from  specific  (lyslexia  tended  to  remain  unstable; 
"perceptual,  visuo-motor  and  motor  patterning  often  remains  inferior. 
Their  auditory  discrimination  is  often  poor,  their  Bender  Gestalt  is 
relatively  primitive." 

Relationship,  with  Speech  Development 

Ingram  and  Reid'^'  attempted  to  distinguish  healthy,  intelligent  chil- 
dren from  good  environments  with  developmental  dyslexia  according 
to  their  performance  on  the  Wechsler  Verbal  and  l*erformance  Scales. 
It*was  found  that  children  whose  scores  on  the  Performance  Scales 
were  significantly  inferior  to  those  on  the  Verbal  Scale  more  often 
^  showed  errors  of  visuospatial  type  when  reading  and  spelling,  whereas 
those  whose  scores  on  the  Verbal  Scale  were  inferior  morc  often  had 
difficulties  of  audiophonic  type.  Some  patients  with  a  history  of  re- 
tarded speech  development  and  poor  performance  on  the  Wechsler 
Verbal  Scale  had  both  visuospatial  and  au^liophonic  difficulties  and 
were  thus  severely  educationally  handicapped.  As  in  other  similar  sur- 
veys, a  high  proportion  oC  patients  hid  a  positive  family  history  of  re- 
tarded speech  development,  stammer,  and  educational  difficulties. 
Only  297r  of  patients  were  considered  to  have  strong  lateralization  of 
handedness,  and  52%  were  left-eyed.  It  will  be  seen  that  many  of  thc^ 
findings  in  this  study  are  similar  to  those  reported  by  Creak.^^ 

Some  further  evidence  that  patients  with  retarded  speech  develop- 
ment may  have  associated  defects  of  visuospi^tial  perception  is  found  in 
the  work  of  Doehring,^^  Doehring  studied  20  children  with  severely  re- 
tarded speech  development  whb  were  diagnosed  as  **aphasic*'  and  com- 
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pared  their  ability  to  memorize  the  locahzation  of  a  visual  stirnukis.  He 
fpund  that  the  accuracy  of  the  performance  of  the  aphasic  group  was  . 
significantly  less  than  that  of  a  matched  group  of  deaf  children  or^that 
of  a  group  of  normal  children.  He  concluded  that  "children  classified 
as  aphasic  are  retarded  in  some,  but  not  all,  aspects  of  visual  percep- 
tual ability/' 

Kinsboume  and  Warrington'^^-*'-"  took  this  work  further.  They 
developed  a  test  of  finger  differentiation  and  demonstrated  that  95Vc 
of  children  ovej  the  age  of  7  years  succeeded  in  identifying  their 
fingers  in. the  tests  that  had  been  developed.  They  postulated  that 
children  who  showed  relative  mferiority  of  scor^^s  on  the  Wechsler 
Performance  Scales,  compared  with  the  Verbal. Scale,  might  show  ^dif- 
ficulties in  finger  differentiation  more  frequently  than  those  with  rela- 
tively inferior  performance  on  the  Verbal  Scale.  In  particular,  they 
thought  that  there  might  belm  association  between  inability  to  rec- 
ognize one's  fingers  and  inability  to  succeed  in  subtests  of  the  Wechsler 
Intelligence  Scale  for  Childre^  (wise)  with  a  high  spatial  loading, 
They  concluded  that  the  differentiation  of  patients  according  to 
Ingram  and  Reid's  criteria  was  valid  and  wrote^^: 

It  appears  th^t  among  backward  readers  and  writers  there  exist  two  groups  wttl^ 
developmental  defects  rcmimscenl  of  acquired  cerebral  syndromes  in  adults.  Group 
I  will  be  called  the  language  retardation  group  and  Group  2  the  Gersimann  group. 

The  two  groups  arc  readily  dislmguishable  by  use  of  the  finger  tests.  The  Gersi- 
mann groiip^ts  further  characterized  by  a  positive  discrepancy  score  on  the  wise 
greater  than  that  occurring  naturally  in  95  per  cent  of  the  population. 

.  They  ci>i>^idered  that  in  Group  I  there  were  difficulties  in  the  sphere  of 
langiiagel'Whcreay  in  Group  2  poor  progress  in  learning  to  read  and 
wri'te  was  attributable  to  difficulties  in  sequential  ordering.  * 

In  furthvJr  studies. of  the  nature  of  the  difficulties  iiv  the  two  groups . 
of  patients  they  had  defined,  they  noted  that  children  with  retarded 
language  development  had  a  high  proportion  of  extraneous  letters  in 
their  writing  to  dictation,  whereas  patients  with  difficulties  in  finger 
differentiation  produced  a  high  proportion  of  errors  related  to  letter 
order.  They  conclud^id  that  patients  with  a  history  of  retarded  speech 
development  misspelled  words  in  different  ways  and  for  different  rea- 
sons than  did  those  who  had  higher  scores  oii  the  Wechsler  Verbal  Scile  ^ 
than  on  the  Wechsler  Fcrfcwmance  Scales  an4iiJ»^^^iJt^*d  difficulties  in 
differentiating  fingers.  They  ccJnsidered  that 
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the  association  between  finger  agnosia  and  order  errors  in  spelling  appears  to  reflect 
an  underlying,  more  genera!  difficulty  in  processing  information,  both  verbal  and. 
nonverbal,  in  terms  of  spatiotemporal  sequence 

Kinsbourne  and  Warrington,*^  like^lngram  and  Reid,*^^  emphasized  that 
there  appeared  to  be  a  number  of  different  clinical  syndromes  that  re-  , 
suited  in  reading  and  spelling  backwardness  of  greater  or  lesser 
specificity.  \^ 


Lateralization  '  •  .  .  . 

ZangwilM"-^^^  discussed  the  significance  of  weak  lateralization  of 
handedncss'in  dyslexia.  He  was^skcptical  of  studies  that  merely  com- 
pared the  incidence  of  atypical  laterality  in  matched  groups  of  back- 
ward and  normal  readers,  because  he  considered  that  reading  retarda- 
tion could  have  many  different  causes.  He  felt  that  it^vould  be  useful 
to  ask  whether  there  were  particular  types  of  reading  backwardness 
associated  with  anomalies  of  laterality.  He  thought  it  likely  th^t  such 
differences  would  be  found,  and  he  wrote'^: 

(  have  been  struck  by  the  frequency  of  retarded  speech  development,  defects  of 
spatial  perception,  motor  clumsiness,  and  related  indications  of  defective  matura- 
tion  in  cases  of  dysle/ia  -presenting  in  lU-lateralised  (and  some  left  handed)  chil- 
dren.    In  dyslexia  ^presenting  in  fully  right  handed  children  (without  fanfulial 
sinistrality),  on  the  other  hand,  I  have  been  more  impressed  by  the  comparative 
•*purity"  of  the  disorder.  It  is  in  these  latter  cases,  perhaps,  that  a  specific  genetical 
factor,  as  adduccTd  by  Hallgren^*  and  Hermann,^^  might  plausibly  be  assumed. 

He  considered  that  "minintal  train  injury  at  birth**  and  'Tamilial 
dyslexia"  need^not  be  mutually  exclusive  and  that  individuals  lacking 
strqn^and  consistent  lateral  preference  might  be  plarticularly  vulnerable 
to  the  effects  of  stress  "for  instance?*  minimal  brain  injury  at  birth  may  ' 
*affect  more  severely  those  who  show  no  strong  tendency  to  lateral 
specialization."*^  •  * 

Most  authors  report  that  significantly  more  boys  than  girls  suffer 
from  serious  difficulties  in  learning  to  read  and  write.  The  male:  female 
ratio  is  between  3 : 1  and  5 :  J  in  most  large  serics.^^  But  In  almost  every 
other  respect,  there  are  mfl(jor  inconsistencies  in  the  findings  of  authors 
who  describe  different  series  of  patients  suffering  from  specific  dyslexia* 


^  The  Saiurc  oj  Dyslexia 

These  are  largely  altributabk*  to  the  differentajRes  at  which  patients 
were  studied  and  the  very  different  means  of  selection.  For  example, 
Hallircn's  patients  came  largely  from  remedial  classes  for  children  with 
retarded  reading  ability,^*  Patients  described  by  Belts.*  Eames.^'"^"^  ^ 
and  Park*®'  were  reported  to  have  a  high  incidence  of  ophthalmologic 
abnormalities,  but  this  may  not  be  surprising  in  view  of  the  fact  that  the 
authors  were  particularly  intcrc^ed  in  disorders  of  vision  and  visual  per- 
ception. Most  studies  have  showrt  that'minorxlefects  of  acuity,  visual 
fusion,  and  strabismus  are  not  major  i;ause^  of  the  types  of  reading  dis- 
abilities that  have  been  described.  Abnormalities  of  eye  movement  dur- 
ing reading  are  almost  certainly  secondary  to  an  underlying  diffiwilty  in 
visuospatial  orientation,  rather  than  primary  caus^.^*  "  A  high  inci- 
dence of  emotional  disturbances  among  patients  referred  to  departments 
of  child  psychiatry  is  inevitable,^®        Drew,^*  a  neurologist,  found 
minor  neurologic  abnormalities  in  a  father  and  his  two  sons  who  suf-      ^  I 
fered  from  «*'familial  congenital  word-blindness."  and  suggested  that 
miffor  nei|rologic  abnormalities  might  have  been  found  more  commonly 
in  more  pi'tients  if  they  had  been  looked  fcjr -especially,  perhaps,  m 
series  described  by  pediatricians. 


NEW  STUDIES 

In  a  recent  retrospective  study.  176  childrelMged  7  or  over  were 
referred  to  the  Department  of  Child  Life  and  Hea!th..Edmburgh.  on 
account  of  suspected  ''dyslexia.**  They  were  referred  from  family  doc- 
tojrs,  school  medical  officers,  and  psychologists,  and  the  majority  had 
tt-HMi  examined  in  the  Neurological  and  Speech  Clinics  of  the  Royal  ^ 
Jlbspital  for  Sick  Children.  Edinh<tfglu.thus,  they  were  highly  pre- 
selected. Fitty-four  were  excluded  from  fi^ifther  consij|*mrtion  because 
they  were  found  not  to  be  faihng  in  reading,  and  the  apparent  educa- 
tional difficulties  of  another  1^  were  considered  to  be  explicable  on 
grounds  of  their  being  of  below  average  intelligence  or  because  of  niter- 
rupted  schooling  or  other  environmental  factors.  Inadequate  motivation 
and  sensory  defects  appeared  to.explain  the  backwardness  of  nine  chil- 
dren, eight  failed  to  complete  the  testing  and  were  excluded  from  the  ^ 
series;  and  four  were  too  old  for  reliable  diagnosis.  There  remauied  H2 
patients  who  were  considered  to  show  reading  failure  as  assessed  by 
thcii;  scores  on  the  Schonell  CIraded  Wqrd  Test  and  the  Stanford-Binet 
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InlcHigcncu Scale  l%0  Revi^on  (Form  L-M).  Patients  were  considered 
to  be  mildly  af  fecft'd  if  there  was  a  discrepancy  of  10-14  points  between 
their  readmg  quotients  and  their  mtelligence  quotients,  moderately  af- 
fected  if  there  was  a  diNcrepancy  of  15-2^^  pomts,  and  severely  affected 

 rhtiiCfc  was  a  discrepancy  of  30  or  more  pomts. 

As  a  group*  these  children  were  reading  at  an  iverage  of  more  than  2 
years  below  their  chronologic  age.  Only  three  children  were  readiiigat 
the  level  of  their  chronologic  age,  but  they  were  more  than  3  years  re- 
tarded in  reading  ability,  commensurate  with  their  mental  age. 

An  attempt  was  made  to  classify  children  by  the  likelihood  of  rhdr 
suffering  from  **brain  damage"  according  to  their  histoiacs  and  indica- 
tions of  brain  dysfunction  ascertained  in  the  course  of  detailed  neuro- 
logic examination  and  electroenaphalography.  Birth  histories  were 
judged  arbitrarily  in  the  hame  way  as  were  those  of  patients  suffering 
Croiti  cerebral  palsy  in  a  previous  NtiidjL^*  They  were  scored  for  the 
possible  and  probable  traumatic,  hypo^c,  and  toxic  insults  that  they 
might  have  suflered  //;  utero  Thus,  mild  or  moderately  severe  pre- 
eclampsia was  scored  as  one  hypuMv  insult.  M:vere  pre-ecUmpsia  or 
antepartum  hemorrhage  or  prolapse  of  the  cord  as  two  hypoxic  insults. 
Midcavity  tcirceps  delivery  was  counted  as  one  traumatic  insult,  but  la- 
bijr  prolonged  beyond  36  hr  in  a  f  irst  gestation  or  beyond  24  hr  in  a  - 
^  •  second  gestation,  breech  extraction,  and  high  forceps  delivery  vvew 
coimtcd^s  two  traumatic  insults  each.  Apnea  up  to  5  min  was  consid- 
ered as  one  hypoxic  insult,  more  prolonged  apnea  or  cyanosis  for  more 


I     thaa  an  hour  as  two  hypoxic  insults.  Patients  who  were  born  after  un- 
complicated pregnancies,  labors,  and  deliveries  and  who  wefre  normal  in 
the  neonatal  period  were  placed  in  category  0.  those  with  one  or  two 
insults  in  category  1.  those  with  three  or  four  insults  in  category  2,  and 
those' with  five  or  more  insults- in  category  3. 

A  history  of 'Vlumsmess*'  or  delayt^d  motor  milestones  sufficiently 
severe  to  make  the  parents  seek  ijicdical  advice  placed  a  patient  in  cate- 
gory 1  A  history  of  convulsions  with  fever,  strabismus,  or  other  condi- 
tions frequently  associated  with  chronic  brain  disease  placed  i  patient 
in  category  2,  Ayhistory  of  definite  head  injury,  meningitis,  or  encepha- 
litis or  of  persistent  neurologic  impairments  such  as  ataxia  or  neglect  of 
-jJiand,  placed  a  patient  in  category  3 

Patients  were  also  classified  according  to  the  findings  of  neurologic 
cxaminatioiv  Patients  without  abnormal  neurologic  signs  were  placed 
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in  calcgor>  0  iViusc  with  mininul  incoordination  or  a  mild  exccvs  of  ^ 
contralatcrat  associated  movcjjicnt*  for  example  on  the  Fog  test,  were 
placed,  in  caCcgur>  1 ,  thc>  probably  had  no  moa'  than  a  degree  of  rieu- 
rologic  immaturity/^'  In  category  2  were  those  with  more  evidence  of 
motor  impairment,  particularly  those  showing  the  choreoid  syndrome 
or  mild  asy  mmetrjcs  in  the  reflexes  without  dcftnite  paresis  Patients 
with  definite  cerebral  palsy  or  with  epilepsy  were  placed  in  category  3 

The  clectrtHrnccphalograms  of  patients  were  also  classified  into  four 
catcgones.  Normal  re vords  for  age  were  in  category  0.  records  that 
^  V  showed  a  mild  excess  ol*  slow  activity  or  minpr  asymmetries  but  no 
paroxysmal  activity  were  in  category  1 .  records  in  which  there  was  a 
definite  excess  of  siow  activity  th,it  might  be  paroxysmal  were  m  cate- 
gory 2.  and  records  with  fiKal  spike  i^ctivily.  spike  wave  activity,  or 
other  evidence  of  epilepsy  were  in  category  3 

Jn  assessing  the  hkelihond  of  underlying  brain  damage,  most  weight 
was  given  to  the  results  of  neurologic  examination-,  lor  that  seemed  to 
be  the  most  informative  metiiod  of  study  and-did  not  rely  on  retro- 
speclive  findings/^*  .  ^ 

As  stated.^atl  patients  were  given  the  Stantord-Binet  Intelligence  >. 
Scale  l%0  Revision  d-orm  L  Mi  All  but  six.  for  whom  reports  troth 
the  school  authorities  were  accepted,  were  given  standardized  tests  in 
mcci^nical  arithmetk  (Schunoll  Form  A  or  Bk  and  the  Schonell  Spell- 
ing T*ljiS  I  Kwasadmmi  t.rcd  TTie  Goodenough  Draw  A  Man  Test 
was  giren  to  40  yhildren  uiuler  the  age  of  10  years  Children  were 
placed  in  one  of  two  categunes  according  to  the  results  of  these  tests 
In  the  firs!  category  were  62  children  who  appeared  to  have  specific 
reading  and  sjiellin^  vlifliculty  only  (referred  k>  tor  the  sake  of  brevity.  ^ 
as  *"spccilics"'i  In  the  second  Svere  20  chiidreir  who  failed  in  reading, 
spelling,  and  arithmetk  i  referred  to  as  "generalV"  because  they  had  gen^ 
eral  learning  difficulty  hi  spiic  of  favorable  mental,  emotionaf  and  en- 
vironmental Ijclorsi 

rin^|"spc»»  ilics"  and  ^^vnerals*'  were  similar  in  age»  sucial  class  and  ^ 

average  ly  TKc  *.t>mpoNition  of  the  subgroups  differed  appreciably  only* 

in  the  sex  ratio»  the  "generals'*  showing  a  higlwr  proportion  of  guN 

than  the  "spt  wifics  "  More  than       of  patients  gave  a  history  ol  slow 

speech  deveUtpnicnl.  the  pervcntagc  K^ng  sinuTtfTTH/Thc  two  groups 

About  M\  '^  of  the  "'sjh'ciIics**  and  25'*'  ot  the  "generals"  had  a  lamily 

history  of  reading  ami  sjielling  diUuulfies  m  sibs»  parenK  or  aunts  and 
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uncles.  669  of  iho^  miM  positive  family  history  of  reading  difficul- 
'  lies  were  m  the  category  of  severe  reading  failures  All  the  "get >  /als**  . 
.with  positive  family, histories  "wen?  boys*  and  all  were  severe  reading 
failures  In  a  slightly  comparable  group  of  JO  children  of  equivalent 
intelligence  and  social  class  (but  not  compalrable  in  other  respects),  who 
read  normally,  a  family  history  of  reading  difficulty  was  found  in  only 
9^  The  "specifics"  had  less  evidence  of  brain  damage  or  dysfuhclion 
than  the  "generals."  whether  this  was  assessed  on  the  basis  of  birth  and 
developmental  history,  clinical  examination,  or  electroencephalography. 
ThiK,       of  the  "specifics"  and  only  3S%  of  the  "generals"  were  con- 
sidered to  have  no  significant  neurologic  abnormalifies;  227c  of  the 
"specifics"  and  60"^"  of  the  "generals"  had  significant  neurologic  ab- 
normahties  About. 66^^  of  the  '•specificV  had  normal  clectrocncephal- 
.    ograms.  compared  with  only  16^:  of  the  "generals  "  These  ire  differ- 
ences of  stalistical  signifu^ance. 

\n  attempt  was  made  to  classify  the  types  of  reading  error  made  by 
patients  ni  the  two  groups  Diffisulties  in  learning  lo  recogni/:e  written 
symbols,  associate  them  with  the  corresponding  audilor^  image*  and 
then  synthcM/e  them  into  words  are  characteristic  of  the  early  stage  of 
*    ,        jreacling  At  a  later  stage,  visual  recognition  of  words  beccSmes  immedi- 
.  \le.  and  flfially  the  child  reads  by  makirtg  a  series  of  hypotheses,  often 
on  slight  coniexlual  clues,  and  learns  lo  "scan"  a  Ime  of  prmi  or 
scnpt 

All  the  "specifics"  made  errors  characteristic  of  the  early  stajte  of 
^.  reading,  involving  confusion  of  letters  or  audiophonic  synthesis.  These 
^cre  found  less  frequently  m  the  "general* "  Although  77%  of  alt  "spc- 
citick'*  ^^^^  audiophonic  mistakes,  only  \07  of  the  "generals**  did.  In 
1 1  '  of  the  "^ipccifics"  only  audiophonic  mistakes  were  made,  whereas 
none  of  the  "generals"  made  only  that  primitive  type    error  Audio- 
phonic difficulties  of  this  type  were  very  striking  in  patients  m  the 
"specific"  group  who  had  a  history  of  retarded  speech  development, 
but  they  were  hot  the  only  cause  of  their  readmg  failure  For  e  wmple, 
one  8-year  old  in  the  "specific"  group  who  had  undergone  entirely 
normal  development,  had  norm  j1  neurologic  findings,  and  was  of  very 
supenor  intelligence  could  not  recogni/e  the  simplest  words  m  pnnt- 
such  as  "dog."  "man."  or  "my."  In  such  cases,  some  inadequacy  of 
visual  recognition  must  be  postulated 

Although  evidence  of  brain  damage  was  usually,  but  not  excljf sively, 
associated  with  dystocia  and  additional  educational  difficulties,  it  was 
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not  associated  with  a  greater  degree  of  difficulty  in  learning  to  read: 
70%  of  the  "generals'*  who  had  no  evidence  c*^  brain  abnorqialities 
showed  severe  reading  failure,  but  only  575.  of  those  with  dcrtnite  en- 
denqc  of  brain  abnormality  showed  severe  reading  failure.  Furthermore, 
among  the  "specific^;'  60^  of  those  with  normal  neurologic  findings 
had  severe  reading  failure,  compared  with  only  33^  of  those  with  defi- 
nite evidence  of  brain  disease. 

It  is  impossible  to  place  the  patients  described  in  clearly  defined 
categories  on  thr  basis  of  the  findings  reported.  It  is  evident,  however, 
that  specific  reading  handicaps  may  be  prcj^ent  in  association  with  no 
clinical  or  electroencephalographic  indications  of  brain  abnormality, 
•  with  dtfftniie  clinical  indications  of  brain  abnormality,  or  vyiih  neuro- 
logic signs  that  are  more  suggestive  of  neurologic  immalunty  than  of 
serious  focal  diseas<*. 

When  there  are  definite  clinical  signs  of  brain  abnormality,  general 
educational  difficulties  are  more  likely  to  be  found  than  isolated  read- 
ing retardation,  and  the  family  history  is  le^s  often  positive  for  reading 
and  s'pelttng  disorders 

Even  in  the  group  of  paticiu%  with  specific  reading  disabihiy  without 
.clinical  evidence  of  brain  disease  and  with  a  positive  family  history  ul 
reading  and  writing  difficulties,  it  is  possible  to  dtscem  different  groups 
for  example,  those  whose  errors  m  reading  and  spelling  afe  predomi* 
nantly  visuo  patial  and  those  whose  errors  are  predomiQantly  of  the 
audiophonic  type,  with  the  latter  more  often  having  a  history  of  re- 
tarded  speech  development  J*  This  survey.  be7ng  retrospective  and 
dealing  with  a  highly  selected  population,  is  not  verir  different  from 
a  number  of  others  that  have  beeri^scnbed  previously  in  thi>  paper, 
but  the  findings  "do  Indicate  Ihal^ecitk  dcvelopmeDjal  dyslc^ia^* 
should  Dot  be  regarded  as  a  sn^le  disease  .eptity.  Moreover,  it  suggests, 
in  agreement  with  Zangwill  that  "hereditary  dyslexia"  and  "dyslexia  * 
due  to  bram  lajtiiy**  are  not  necessarily  mutually  exclusive  categories 

It  IS  apparent  that  there  i%  a  need  for  detailed  studies  of  carefully 
selected  groups  of  children  with  reading  difficulties  froiyi  the  neuro- 
loga:,  ophthalmologic/psychologic  and  psychiatric  points  of  view,  so 
that  the  various  syndromes  ass^jcjated  with  more  or  less  ^Specific  dys- 
lexia "  or  "specific  developmental  dyslexia  '  may  be  furiher  defined/*** 
At  tlie^same  time,  it  is  only  through  comprehensive  surveys  of  repre- 
sentative groups  uf  schoolchildren  that  Ihc  relative  importance  of  these 
syndromes  m  causing  retardalmn  Ian  be  assesH'd.  * 


Q  .419 

ERLC  *    425  . 


pntUL  A  TlOX  WR  vt:  YS 

While  chnicuns  wl*rc  publishing  large  Humbcrs  of  case  reports  about 
children  c%)nsidereU  16  suffer  from  specific  dyslexia,  psychologists 
.   and  educution,iIists  were  attempting  to  estimate  the  size  and  nature 
of  the  problem  of  readmg  backwardness  in  lacge  school  popula- 
tioris  »2»  129  Monroe*^  reporting  as  a  former  research  associ- 

ate of  Orton.  found  1 5  possible  **causativc  factors*^  in  a*ading  disabil- 
ity She  recugni/ed  two  major  types  of  disability:  "a  lack  of  precision 
in  discrimination  of  complex^visual  patterns/'  shown  hi  the  child's 
reading  by  Jus  inability  to  comprehend  words  as  units,  although  he 
might  be  able  to  recogni/.e  them  when  they  were  spelled  out  tp  him; 
and  "a  lack  of  precision  in  disc/imination  of  spatial  orientation,** 
V        similar  to  the  tendenc>  to  reverse  symbols  and  the  order  of  written  * 
symMs  described  by  Orton^**^  as  "strephosymbolia/* 

MacMeckqn**  studaU  383  children  in  a  large  Edinbuigh  primary 
school  between  the  ages  of  7  ye^rs  6  months  and  10  years  5  months. 
In  hcii  wotds,  *'a  cross  section  would  show  that  the  children  come 
from  homes  fairly  far  dov^n  but  not  very  far  up  the  social  scale.'* 
Mac^fl*ek^n  gave  individual  tests  of  intelitgiS^nce  and  reading  a'bility^  ^ 
She  obtained  a  reading  accomplishment  quotient  by  using  the  for- 
<  mula.  (readmg agc; mental  age)  X  100,  and  considered  that  those  with 
quotients  of  less  than  85  were  suffering  from  reading  disability  and 
those  with  quotients  of  between  85  and  %  were  **haniicap.pcdJ"  Of 
the  children  shdested*  9     had  quotients  of  85  or  less:  12  2^  of  the 
boys  and  6  2'*  of  the  gtrls,  a  difference  that  was  almost  statistically  sig- 
•  ntticant  The  mean  intelligence  quotients  of  children  w^h  reading  dis- 
abiht>  were  106  3  for  boys  (raiige,  83-137)  aAd  101,9  for  girls  (range> 
86-1 21 ).  A  very  high  proportii^n  showed  le^l-eye  dominance,  although 
r he  distribution  by  handedness  was  not  different  ^from  thiit  of  children 
in  thu general  population  MacMeeken  recognized  that  ^absences, 
changes  of  school,  defective  eye  sight,  defective  hearing  may  and  do 
^   produce  reading  achievement  wlu^h  is  low  in  relation  to  mental  ca- 
pacitybut  she  considered  these  causes  insufficient  in  themselves  to 
produce  disabihty  of  the  severe  degree  that  she  found,  although  th^y 
might  l>e  contributory  causes  She  consideijed  that 

these  cluldrcn  aic  deveUipmeniaUphaMcs  ^hawing  m  varying  degree  and  as  major 
a^pctjs  of  fhcu  paucin  of  difficulty  ihe  two  aphasic  syndromes  of  word  recognition 
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'  ittffttulty  and  the  strepHcisymbohc  tendency  to  reverse  letters,  to  distort  letters  or 
•  jSyllables  withitj^words. 

Her  findings  may  be  compared  wifli  iho^:  oblamed  in  a  survey  of 
.  primary-school  children  in  Stockholm  cafried  out  by  Hallgrcn,^^  whose 
'  conclusions  ^/cre  broadly  similar,  although  he  found  a  lower  incidence 
of  *icft-cyc  domina^nc^/* 

In  a  study  of  children  in  England,  the  Ministry  of  Education^  found 
that  l%of  18-yca'r-olds,  1.4^;?  of  15-year-olds,  and  4.2%  of  1 1-year-olds 
had  reading  ages  of  less  than  7  years.  Some  3  years  later,  a  suhrey^*  was 
carried  out  in  Middlesbo rough  after  programs  of  remtnlial  reading  had 
been  established.  A  somewhat  smaller  proportion  of  the  population  of 
1 1 -year-olds  had  reading  ages  of  less  than  7  years:  3.9^  of  boys  and 
1.3%  of  girls.  In  Leeds,  19*;?  of  J  985  1 1-  and  1 2-ycar-olds,  excluding 
thpse  who  attended  gramnlar  (i.e.,  public)  schools,  were  more  than  2 
years  retarded  in  reading,  as  judged  by  chronologic  age,  and  8.6^?  were 
2  years  retarded,  aj  judged  by  mental  age.**** 

More  recently,  Morris*^'  noted  that  I9.2C?  of  7-year'Olds  in  Kent 
County,  England,  were  still  using  their  first  reader,  which  miplied  that 
they  had  hardly  begun  to  learn  to  read,  ^ 

A  nationwide  study''^  of  1 1 ,000  British  7-year-olds  found  that  1 1 .27c 
of  boys  arrd  5.9';?  of  girls  had  not  progressed -beyond  their  first  reading 
book  after  2  years  of  elementary-school  instruction.  The  difference  in 
the  proportions  of  boys  and  girls  with  re!)NljM9^etardatton  was  statisti* 
cally  significant.  ' 

In  the  United  States,  Eisenberg*^  studied  the  reading  proficiency  of 
the  entire  sixth-grade  population  (ageU  about  I  2  years)  in'a  large  urban 
center.  Some  28%  were  found  to  be  two  or  more  grades  below  their  ex- 
pected level,  whereas  In  "commuter  county/'  15%  were  two  or  more 
grades  below  expected  level,  and  m  supeYior  independent  schools,  0% 
(Table  I  Y  In  the  intfependent  schools,  82%  were  two  or  more  grades  in^ 
advance  of  their  expected  reading  ability.  Eisenberg,  like^the  authors  of 
the  other  population  studies  quoted,  emphasized  the  multiplicity  of  fac- 
tors that  could  produce  reading  disability  sociopsychologic:  qjuantita- 
tiveand  qualitative  defects  in  teaching,  deficiencies  in  cognitive  stimu- 
lation, and  deficiencies  m  motivation  (associated  with  social  pathology 
or  with  psychopathology);ancl  psychophysiologic:  general  debility, 
sensory  defects,  intellectual  defects,  brain  injury,  and  specific  (idio- 
pathic) readint^  disability. 
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TABLE  1  Reading  Uvcis  of  Sixth-Grade  Children  by  School  System* 


%  Retarded 

School  System 

Test 

>  2  Grades 

>  1  Qrade 

9^  Advanced  >  2  Grades 

Metropolis 
Commuter  county 
Suburbiar 
Independent 

Stinford 
California 
Iowa 
Stanford 

28 «  ' 
15 

.3 
0 

57 
35 
19 

9 
8 

-  82 

'Derived  from  t^it^nberg/ 


V^ritish  workers  have  sinJilarly  been  reluctant  to  subscribe  to  the  view 
thaK^pecific  dcvelopmentil  dyslexia  is  a  major  cause  of  reading  disabil- 
ity. Burt^*  refuted  the  idea  that  specific  dyslexia  was  of  major  impor- 
tance, and  Vernon     wrpte  that  ^Investigations  which  have  been  ciled 

"  no  clear  evidence  as  to  the  existence  of  any  innate  organic  condi- 
which  causes  reading  disability  except  perlwps  in  a  minority  of 
cascjsi;  though  certainly  innate  factors  may.  predispose  the  child  toward 
difficulty  in  learning  to  read."  She  appears  to  have  regarded  specific 
dyslexia  as  an  irremediable  condition,  and  many  of  the  studies  she 
quotes  describe^  patients  who  probably  would  have  been  diagnosed  by 
many  clinicians  and  psychologists  as  suffering  from  **specific  dyslexia/* 
Nevertheless,  she  admits  that  *'there  may  be  a  class  of  individuals  who 
art?  generally  lacking  in  maturation,  these  are  the  cases . .  ,  who  have  no 
well  t^blished  laterality^and  ia  addition  exhibit  speech  and  other  mo- 
tor disOTders,  temperamental  instability  and  reading  disability/'  Later, 
she  modified  her  point  of  view  somewhat  and  appeared  to  be  prepared 
to  admit  that  **specificjdyi$lexia*'  may  be  more  important  as  a  cause  of 
reading  disability  than  she  had  originally  Ihought/^' 

Dahiols^^  l^iid  stress  on  the  fact  that  virtually  all  children  with  severe 
leading  retardation  could  be  helped  by  appropriate  remedial  teaching 
and  used  this  as  an  argument  against  the  existence  of  any  such  condi- 
tion as  **congenital  word  blindness."  This  argument,  however,  is  not 
generally  accepted  as  valid  by  psychologists  and  remedial  teachers  who 
have  experience  with  large  numbers  of  so-called  "dyslexic  children,*' 
most  of  whom  aro  found"to  make  good  progress  with  appropriate 
treatment. »^*2^-^^'^'»4^^^-»»^  ^ 

It  is  difficult  not  ti)  feel,  withCritchley,^*  thgit  the  picture  that  has 
developed  in  the  minds  of  many  educationalists  and  psychologists  that 
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specific  dyslexia  is  an  irremediable,  cleaWy  defined  dijiease  entity  with 
constant  symptomatqlogy  and  signs  is  responsible  For  their  not  recog- 
nizing the  prevalcfhce  of  the  syndromes  of  specific  dyslexia  described 
largely  by  medical  authors.^'-^^  Tp  some  extent,  however,  medical 
authors  have  contwbuted  to  this  misconception  by  overemphasizing 
the  constancy  with  which,  for  example,  directional  confAision,  ^mixcd 
laterality,  and  a  positive  family  history  of  reading  disorders  are  found. 

In  a  recent,  inore  open-minded  study  of  the  total  population  of  9- 
and  lO-yeUr-olds  in  the  Isle  of  Wight, "Rutter  et  ai     found  that  4%  of 
.children  had  reading  ages  measured  on  Nealc*s  tests  that  were  at  least  28 
months  below  their  mental  ages  as  assessed  by  the  wise  test.  The  mean 
Wechsler  IQ  of  the  children  was  ia3."«">^ 

It  was  found  that  spcciQ^ading  retardation  was  associated  with  considerable  diffi- 
culties in  arithmetic,  scVere  problems  in  spelling,  delay  in  the  development  of  lan- 
guage and  immaturity  of  language  still  evident  on  examination  to  age  nine  and  ten 
years:  incoordination:  motor  impersistence;  right/left  confusion;  (possibly)  diffi- 
culties in  constructional  tasks;  and  a  strong  family  history  lof  reading  difficulties. 
There  "Was  no  association  between  left  handedness  or  mixed  handedness  and  specific  ' 
reading  retardation.  With  this  one  exception,  however,  all  the  features  said  to  be 
characteristic  of  **dyslcxia"  were  found  to  be  associated  with  specific  retardation.^ 

RutteT*'*  studied  the  clustering  of  "dyslexic  characteristics  in  individual 
children  showing  speech  and  language  abnormalities,  motor  incoordina- 
tion, constructional  difficulties,  motor  impersistence  and  right/left  con- 
fusion.** None  of  the  86  children  with  specific  reading  retardation 
showed  all  five  characteristics,  only  five  showed  four  of  them,  nine 
showed  three,  20  showed  two,  29  showed  just  one,  and  23  children 
showed  none.  Rutter  concluded  that  there  was  n^)  general  tendency  for 
the  items  to  cluster  together  and  that  the  associations  between  the  vari- 
ous developmental  abnormalities  were  of  a  low  order.  He  felt  that  his 
findings  offered  no  support  for  a  smgle  syndrome  of  "dyslexia.''  A  pos- 
itive family  history  of  reading  difficulties  was  not  found  more  fre- 

.quently  in  those  >vith  specific  reading  disability.  Rutter  recognized  that  ' 
these  findings  did  not  exclude  the  possibility  that  various  syndromes 
were  associated  with  difficulty  in  learning  to  read  and  considered  that, 
"whatever  the  basic  cause  of  tfie  different  types  of  specific  rea<mng  re- 

^tardation,  the  final  state  is  frequently  the  result  of  a  combination  of 
biological,  social  and  psychological  factors.'*  His  ideas  conform  with 
those  advanced  by  workers  who  believe  that  a  number  of  syndromes 
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with  characteristic  neurologic  and  psychologic  fiifidings  may  contribute 
to  the  difficulties  in  learning  to  read  found  in  children  m  any  large  . 
population,^''^'^^**^         .    .  -  ,  , 

,        STUDIES  OF  CHILDREN  SUFFERING  FROM  BRAIN  DAMAGE 

Studies  of  children  suffering  from  cerebral  palsy  and  other  syndromes 
associated  with  nonpcogressive  brain  damage  sustained  before,  during* 
or  Shortly  after  birth  inevitably  influenced  contemporary  thought  about 
the  nature  of  reading  and  spelling  difficulties  iti  childhONod.  Lord^'^'^ 
emphasized^the  lack  of  correlation  between  mental  age  and  educability 
in  patients  suffering  from  cerebral  palsy  and  diescribed  the  perceptual 
and  visuonfotor  difficulties  from  which  many  children  suffered,  includ- 
ing some  with  relatively  high  intelligence.  She  observed  that  many  dy^ 
kinetic  children  (in  whom  involuntary  movements  were  the  presenting 
feature)  could  draw,  whereas  other  spastic  children,  whose  motor  func- 
tions werp  less  inqipaired,  could  draw  less  well  because  of  associated  per- 
ceptual difficulties.  Strauss  and  Lehtinen'^^  summarized  Strauss  and 
Werner  s  work'*^  with  figure  background  tests  (marble  board,  tachisto* 
scopically  exposed  pictures,  tactual  motor  tests)  aad  other  tests  in  chil- 
dren with  brain  damage,^in  many  of  whom  behavioral  abnormalities  and 
epilepsy  were  shown,  but  not  cerebral  palsy.  Cruickshank  and  Bice^^  at- 
'  tempted  to  corrdate  the  nature  of  the  failures  on  psychologic  tests  with 
the  different  clinical  diagnoses  of  cerebral  palsy  and  the  clinical  severity 
of  the  condition. 

A  mope  extensive  review  of  the  perceptual  difficulties  of  children  suf- 
fering rfbm  cerebral  palsy,  particularly  figure-background  relationships, 
was  make  by  Cruickshank  et  al}^  They  studied  1 10  nonhandicapped 
X  childrenVid  325  children  between  6  and  16  years  old  who  suffered 
from  cerrbraljpalsy  and  had  a  minimal  mental  age  of  6  years  and  IQ 
within  average  for  age.  Six  tests  of  tactile  and  visual  perception  were 
given  to  the  children.  It  was  found  that  cerebral^palsied  children  made 
f    consistently  poorer  performances  than  the  nonhandicapped  children  in 
four  of  the  six  tests^ administered.  Spastics  had  more  difficulty  in  carry- 
^      ing  out  the  tests  than  children  suffering  from  choreo-ath^tqsis  (dyski- 
netic  cerebral  palsy),  the  relationships  between  the  tests  were  low,  but 
performance  on  the  tests  did  correlate  with  chronologic  age. 

Floyer^  studied  72  cerebi^al-palsied  children  who  were  considered 
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cduc4blc.  The  group^w^s  matched  with  normal  children  for  sex,  IQ ,  and 
chronologic  flge.  It  was  found  that  tcsts.most  sensitive  to  lag'or  distur-  ^ 

•  bancc  in  vtsuospatial  perception  tended  to  be  poorly  performed  by  the 
patients  who  suffered  from  cerebral  palsy,  especially  the  girls.  They  had 
difficulty  in  visuomotor  tasks,  suth  9s  assembling  pieces  of  form  board, 
block  building  from  memory,  copying  simple  designs  on  pa|>cr,  and  do- 
ing the  progressive  matrices^of  Raven."*  Floyer,  like  many  other  au- 
thors, emphasized  that  many  of  the  difficulties  on  psychologic  testing 

,  that  she  found  in  patients  suffering  from  cerebral  palsy  could  be  inter- 
preted in  terms  of  immaturity  of  functioning,  rather  than  permanent 

disturbance  of  function  that  could  be  attributed-to  a  particular  brain 
lesion.2»^^'^»»^5  ' 

The  question  as  to  how  far  the  visuospatial  difficulties  and  the  assor 
ciated  difficulties  in  reading  and  spclliftg  may  be  regarded  as  manifesta- 
tions of  developmental  lag  in  concept  formation  or  as  specific  deficits 
unlikely  to  disappear  with  maturation  is  fully  discussed  by  Aber- 
crombie,' who  concluded  that  v 

it  would  seem  that  as  far  as  perception  is  concerned,  there  is  little  evidence  that 
cerebral  palsied  children" see  things  in  a  distorted  manyer,  though  they  may  sec 
them  in  a  primitive  or  immature  way,  that  is,  they  fail  to  make  differentiations  at 
the  level  of  complexity  which  might  be  expected  from  their  mental  age.  They  can 
therefore  M  described  as  suffering  from  developmental  lag  in  their  peaeptual  skills. 
The  bizarre  drawings  and  other  constructions  which  some  of  them  rnakc  may  seem 
to  be  unlike  what  normal  children  produce  at  any  age,  but  it  is  possible  thsjt  these 
also  may  be  explained  by  a  mixture  of  immature  and  more  mature  ways  of 
performing.  » 

She  notes,  however,  that  although  there  is  sortie  evidence  that  the  de- ' 
veloping  brain  is  functionally  disordered  by  localized  damage  in  less  spe- 
cific ways  than  the  adult  brain,  it  is  perfectly  possible  that  different 
kinds  of  perceptual  constructive  or  cognitive  difficulties  resulting  from 
chronic  lesions  at  different  sites  might  be  revealed  by  more  sopKisfi- 
*cated  psychologic  tests.  So^e  evidence  for  the  latter  view  may  be  found  , 
in  the  workof  Wedell."^^-^^"' 

Birch  and  Lefford^  and  Bortner  and  Birch emphasize  the  way  in 
which  tactiw ,  visual,  and  auditory  perceptions  modify  each  other  and,, 

affect  behavior  us  children  mature.  Thoy  write**: 
» 

The  evidence  for  nurnial  children  strongly  confirms  the  view  that  the  claboration-df 
intersensory  relations  represents  i  set  of  developmental  functions  showing  age- 
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specific  characteristics  and  markedly  regular  curves  of  growth.  At  the  very  least,  the 
emergence  of  such  relationships  appears  to  be  delayed  in  the  ''brain-damaged"  chil-  . 
dren,  a  factor  which  may  seriously  limit  possibilities  for  the  normal  utilization  and 
integration  of  environmental  information. 


They  found  that  a  high  proportion  <if  their  '*brain-damaged  subjects*' 
showed  severe  impairment  of  intersensory  perception,  which  did  not 
appear  to  improve  between  the  ages  of  5  and  1 8  years. 

Prechtl  and  Stemmer*'^  attempted  to  pick  out  a  uniform  neurologic 
syndrome  among-the  many  heterogeneous  groups  of  hyperkinetic  chil- 
dren who  had  been  referred  to  a  neurologist  because  of  poor  school  pcr- 
•    lormance.  F\fty  children  whose  major  abnormality  on  neurologic  and 
electroericephalographic  examination  was  fodnd  to  be  the  presence  of 
choreiform  movements  were  studied  in  detail.  A  high  proportion 
showed  additional  minor  neurologic  abnormalities  on  careful  exam- 
ination. Of  the  50  children,  W  had  *'more  or  less  trouble  in  reading." 
They  were  frequently  described  by  their  parents  and  teachers  as  being 
abnormally  clumsy,  distractible,  and  restless;  they  found  sitting  still  or 
concentrating  on  a  subject  for  long  periods  extremely  difficult.  Prechtl 
and  Stemmer  were  inclined  to  attribute  the  learning  difficulties  of  this 
group  of  children  suffering  from  the  ''choreiform  syndrome''  to  diffi- 
culties of  visual  fixation,  instability  of  concentration,  and  a  lag  in  the 
development  of  cer,ebral  dominance  and  ''complex  functions.''  A  high 
proportion  of  such  patients  score  very  poorly  on  tests  of  visuospatial 
perception  and,  as  noted  by  Birch  and  Leffordi,'  have  difficulties  in 
intersensory  integration.  A  positive  family  history  of  difficulties  in  , 
learning  to  read  and  spell  was  not  noted  jn  the  account  given  by  Prechtl 
and  Stemmer  of  their  studies. 

It  is  clear  from  the  investigations  of  visuospatial  and  intersensory  per- 
ception in  brain-damaged  children  descriBcd  above  that  a  variety'of 
handicaps  that  impair  children's  ability  to  |earn  to  read  and  spell  arc 
found  frequently.  The  extent  to  which  their  perceptual  defects  can  be 
attributed  to  maturational  lag  and  to  damage  to  particular  areas  of  the 
developing  brain  is  still  a  subject  for  much  discussion.*®  "-*^  Certainly, 
it  is  difficuh  to  distinguish  the  reading  and  spelling  errors  made  by  chil- 
dren with  known  brain  damage  from  those  made  by  children  with  no 
evidence  of  brain  damage  but  with  a  positive  family  history  of  reading 
and  spelling  difficulties. 
^  The  finding  that  a  high  proportion  of  children  who  suffer  from 
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cerebral  palsy  and  other^anifestations  of  brain  damage  are  slow  to 
speak,  have  difficullies  in  learning  to  read  and  spell,  and  may  perform 
poorly  on  tests  of  auditory  and  visuospatial  Mrcept  jon  has.  given  rise  to 
much  speculation  as  to  the  causes  of  readin^nd  spelling  difficulties  in 
fhe  whdie  child  community.^*'- '^^•''^ 


PROSPECTIVE  SUR  VEYS 

Retrospective  studies  of  series  of  children  suffering  from  reading  dis- 
ability have  many  drawbacks.  If  they, deal  with  large  population  sam- 
ples, individual  pupils  tend  not  to  be  fully  investigated  by  all  the 
methods  available  in  psychologic  and  medical  research.  Smaller  popu- 
I  lation^are  more  manageable,  but  children  .with  significant  difficulties 
in  learning  to  read  and  spell  are  few  and  tend  to  be  very  heterogeneous, 
so  that  firm  conclusions  about  the  causes  and  nature  of  their  difficulties 
cannot  be  made.  Prospective  studies  in  which  groups  of  preschool  chil- 
dren are  selected  for  investigation  by  clinical  and  psychologic  methods 
before  they  go  to  school  and  then  re-examined  and  retested  in  their 
early  school  years  are  of  great  value.  Three  studies  of  this  type  will  b . 
described/ 

Completed  Studies 

The  first  study  is  described  in  Predicting  Reading  Failure  by  de  Hirsch^ 
eiai^"^  which  gives  an  account  of  a  study  of  53  children  who  came 
from  homes  in  which  English  was  the  predominajit  spoken  langu;^ge,  , 
had  io*s  within  one  standard  deviation  of  100  as  obtained  on  Fo.  a  L 
of  the  Stanford-Binet  Intelligence  Scale  (1937  Revision),  and  showed 
no  significant  sehsory  defects  and  no  evidence  of  psychopathology.  A 
wide  variety  of  tests  of  ^'behavioural  patterning,  motility  patterning,  • 
gross  motor  .patterning,  fine  motor  patterning,  laterality,  body  image 
perception,  visual  perception  patterning,  auditory  perceptual  pattern- 
ing, receptive  language  tests,  expressive-language  tests  and  sentence  de- 
velopment'* were  giveo,  in  addition  to  reading-readiness  tests,  while  the 
children  were  in  kindergarten.  There  were  37  tests  in  all.  After  1  year  at 
school,  all  the  children  were  given  standardized  tests  of  reading,  spelling, 
and  writing;  after  another  year  at  school,  tests  were  repeated. 

The  aim  of  de  Hirsch  and  her  colleagues  was  to  develop  a  battery  of 
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tests  that  could  be  given  in  the  kindergarten  period  and  could  predict 
which  children  were  likely  to  suffer  from  reading  and  spelling  difficul- 
^  ties  in  later  years.  They  found  that  a  series  of  10. tests-ability  to  use  a 

pencil,  the  Bender  Visuo-Motor  Gestalt  Test,  the  Wepman  Auditory 
Discrimination  Test,  the  Number  of  Words  Used  in  a  Story  Test,  tests 
of  categorization,  the  Horst  Reversals  Test,*^  the  Gates  Word  Matching 
Test,  two  te^s  of  word  recognition,  and  one  test  of  word  rcproductidn- 
gave  scores  in  the  kindergarten  period  that  correlated  closely  with  the  - 
scores  obtained  on  stand;»rdized  tests  of  reading  and  spelling  given  at 
the  end  of  the  first  two  grades  of  schoo'liog  (ages  7  and  8).  Eight  chil- 
dren were  placed  in  the  class  of  ^Tailing  readers."  They  comprised  the 
lowest  1 57r  among  the  children  tested;  all  of  them  scored  zero  on  the 
^  Gray  Oral  Reading  Test  at  the  end  of  the  first  grade,  and  five  of  them 
scored  zero  again  a  year  later.  Six  of  the  eight  failing  children  w«re 
boys;  five  were  noted  to  be  "markedly  hyperactive,  distractable,  irn- 
pulsive  and  disinhibited;  they  needed  many  opportunities  to  mOv^j  ^  * 
around ^the  room,  and  became  resentful  when  they  were  required  to. 
sit  still.  •  Interestingly,  they  showed  no  mor«-ambilateral  responses 
than  did  the  other  45  children,  but  *'ihe  audi.tory-perceptual  and  oral- 
language  tools  of  the  tailing  readers  were  decidedly  inferior  to  those  of 
the  remainirig  subjects."  Four  boys  and  four  giris  were  categorizeid  as 
"slow  starters/'  They  scored  zero  on  the  Gray  Oral  Reading  Test  at  the 
end  of  the  first  grade,  but  achieved  their  expected  level  at  the  end  of 
the  second  grade.  Their  reading  and  spelling  difficulties  appeared  to  be 
transient;  as  they  developed  and  received  instriiction,  their  perfoimance 
improved.  Two  boys  and  m  giris  were  considered  to  be  "superior 
achievers"  both  in  reading  and  in  spelling, 
De  Hirsch  et  al  commented  that 

4 

the  failing  (cadcr*s  perceptual,  motor  and  linguistic  responses  were  stilkingly  un- 
stable. As  do  chronologically  yoiTnger  childrert  they  functioned  at  a  primitive  and 
an  undifferentiated  level.  Their  fragmented  figflifc  drawings,  their  poorly  synthe- 
«iscd  Bender  designs,  their  inability  to  organise  parts  of  a  story  into  a  meaningful 
whole  suggested  a  relatively  low  level  of  integrative  Competence. 

It  was  not,  however,  any  failure  on  arty  single  task  that  distinguished  the  failing 
reader^  from  the  other  subjects  but  rather  the  accumulation  of  deficits, 

•  # 

They  thought  the  "accumulation  of  deficits"  pointed  to  severe  matura- 
tional  lags.  They  argued  that  the  relatively  poor  scores  of  prematurely 
born  children,  compared  with  tho-ic  of  chil^lren  born  at  term  and  having 
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equivalent  iradligence,  reported  by  Kawi  and  Pasamanick''*  and  Drillien^ 
and  confirmed  by  their  own  studies,  might  also  be  explained  on  the  basis 
of  retarded  maturation  of  higher  nervous  activity: 

In  summary  these  findmgs  as  well  as  cimical  experience  suppori  our  suppositipn 
that  (here  is  indeed  a  close  Imk  between  a  child's  maturational  sUtus  at  kinder* 
garten  age  and  his  reading  and  spelling  achievements  several  years  later 

A  relatively  small  but  very  detailejd  longitudinal  study  of  the  reading 
and  spelling  handicaps  of  56  boys  attending  an  upper-class  school  in  the 
United  States  has  recently  been  presented  by  Rawson.'*^  Rawson  rated 
the  severity  of  difficulties  in  learning  to  read  and  write  in  her  pupils  and 
considered  that  there  was  a  confiifuum  of  language  ability  between 
those  who  were  superior  and  those  who  could  b«  considered  "dyslexic." 
She  categorized  20  children  as  having  high,  \b  medium,  and  20  low 
language  facility.  Of  the  20  children  with  low  language  facility,  eight 
were  categorized  as  suffering  from  moderate  dyslexia  and  1 2  as  suffer- 
mg  from  severe  dyslexia.  It  is  to  be^oted,  however,  that  four.of  the  1 2 
in  the  latter  category *werc  admitted  to  school  after  the  first  grade  be- 
cause there  was  a  language  rc-educ^tion  program  In  the  school  that  the 
children's  parents  wanted  to  take  advantage  of. 

Rawson  followed  her  pupils  into  adult  life  and  was  able  to  show  that 
even  those  who  seemed  most  handicapped  by  liinguage  disability 
achieved  university  degrees  and  professional  positions  in  society  ir  later 
life  at  least  equal  to  thcwe  of  their  school  fellows  with  high  language- 
learning  ability,  even  though  they  might  have  some  residual  difficulties 
in  reading  rapidly  and  especially  in  spelling  conventionally.  It  is  interest- 
ing to  note  how  awJre  of  their  minor  persistmg  difficulties  man>  of  her 
ex-pupils  were  as  adults.  Like  MacMeeken,**  Rawson  felt  that  di!Ticul- 
ties  in  the  environment  contributed  to.  rather  than  caused,  reading  and 
writing  difficulties. 


/*Wc'u*  FinJings 

In  l^^bl ,  the  Medical  Hesearch  Council  supported  a  program  of  research 
into  the  problems  of  children  2^/z-5  years  old  with  retarded  speech  de- 
velopment and  their  later  educational  problems  in  the  Department  of 
Child  Life  and  Health.  University  of  Edinburgh.  As  noted  earlier,  a 
number  of  papers  had  indicated  that  a  high  proportion  of  children  with 
slow  speech  development  later  had  difficulties  in  learning  to  read  and 
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io.4j.4*.9,.9s.io3  Rawson"*  reports  speech  development  problems 
in  nine  of  her  1 2  most  severely  dyslexic  subjects.  Of  the  78  childien 
considered  to  suffer  from  developmental  dyslexia  studied  by  Ingram  *' 
and  Reid."  more  tha'n  half  showed  retardation  of 'speech  development; 
less  formal  studies  of  children  in  a  speech  clinic  demonstrated  that  a 
high  proportion  of  them  hJd  later  difficulties  in  learning  to  read  and 
write.™ 

To  see  whether  it  was  possible  to  isolate  one  relatively  "pure"  type 
of  dyslexia,  it  was  decided  to  investigate  what  happened  to  a  series  of 
children  ivith  significantly  retarded  speech  development  once  they 
'  went  to  school.  The  subjects  were  a  group  of  73  children  in  whom  a 
diagnosis  of  speech  retardation  was  made  in  the  Speech  CUnic  of  the 
Royal  Hospital  for  "^kk  Children.  Edinburgh,  and  subsequently  con- 
firmed on  the  basis  of  tests  of  articulatory  development  and  language 
development  in  the  Department  of  Child  Life  and  Hqilth,  University  of 
Edinburgh.  So  that  the  effects  of  environmental  influences  and.  in  par- 
ticular, social  differences  would  be  minimized,  children  of  only  the  two 
upper  social  classes  (I  and  11  according  to  the  Registrar  General's  classi- 
fication) were  chosen.  A  conttol  group  of  140  children  of  similar  class 
was  obtained,  so  that  variables  that  might  adversely  affect  the  learning 
of  reading  and  spelling  (other  than  speech  retardation  in  the  clinical 
-    group » might  be  excluded.  Excluded  from  both  groups  were  children 
with  any  history  that  gave  rise  to  suspicion  of  brhi  damage,  abnormal 
behavioral  development. -^hearing  impairment,  behatior  disorders,  or  any 
neurologic  abnormalities  on  examination.  The  hypothesis  was  th;ft 
healthy  children  of  average  or  superior  intelligence  who  showed  rc- 
.    tardcd  speech  development  would  later  have  more  difficulties  in  learn- 
ing to  read  and  spell  than  a  comparable  group  of  children  without  re- 
tarded speech  development. 

This  study  is  still  incomplete,  because  it  is  impossible  to  test  reading 
and  spelling  performance  accurately  before  children  have  been  in  school 
at  least  2  years.  Up  to  October  1968.  78  control  and  5.1  speech-retarded 
children  had  been  tested  after  being  in  school  for  at  least  2  years.  Some  ♦ 
preliminary  results  are  shown  in  Table  2. 

Because  the  average  lo  of  patientsjn  the  control  group  was  a  little, 
higher  than  that  of  the  speech-retarded  patients,  29  children  in  each 
,   group  were  matched  for  sex  and  Stanford-Binet  iq  .  These  matched  sub- 
groups showed  the  ^  (me  differences  as  the  entire  group. 
.  There  were  ver^  significant  qualitative  differences  between  ihe  chil- 
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TAfiLE  2   Analysis  of  PielunifUfy  Dita  (to  Apiil  1*^68)  on  Lalci  School  Aifain^ 
tnents  of  Speech-Rcurded  Children' 

Skill 

Gn>up 

 1-"             —  -  " 

No  ^Gioqp 

No 

^  RMdtfif 

Spce«;h  trunlcd 
Notfitii  contiol 

?1 

15  29 
t  1 

SpcUinf 

Spccchtcunkd 
Nonn4lconuol 

SI 
7H 

18  IS 
5  6 

Antlimcuv 

Nurtnil  tontiot 

5! 
7H 

4  i 
6  8 

'tWrtvtd  ffom  M*%ofi 

'^A^tohtte  ft0<AcH«/ilnrii  h  iontidcrcd' iu  be  mduaud  by  edu^niKinat  i|e  6  muniK^  below 
chfonologK.         ^  y<«n  irfr%p«fitnre  of  IQ 


.  dren  who  hadu  history  oT  «»peech-rc(ardation  and  those  with  normal 
speech  development  O^ly  nine  i  1 8'  ?  i  of  the  5 1  speech-retarded  chil- 
dren made  a  good  start  m  reading,  1 4  ( ZT:^ )  started  badly  but  seemed  ' 

^  to  "catch  up"  and  had  a  reading  quotient  within  1 5  points  of  iq  at  the  ^ 
time  of  test;  the  a'maining  patients  were  retar4gdin  reading  attainment 
,   In  comparison,  only  I  S't  of  the  control  group  oTpalients  had  difficulty 
in  the  initial  stages  of  learning  to  read  These  Hndings  may  be  compared 
with  those  of  de  Hirsch,/^ 

All  the  speech-retarded  children  except  the  nine  (18'^ )  who  suc- 
ceeded in  reading  from  the  start  gave  evidence  of  percepkial  made* 
quacy of  either  visuospatial  or  a^diopho^iic  type  Of  the  16  children 
who  failed  completely  in  loaning  to  rcad«  three  had  severe  visuospatial 
Jtfficullies.  two  had  severe  ^diophonic  difficultieii.  and  1 1  had  diffi- 
culties of  both  typifs  Of  1^  children  with  mild«  moderate,  or  severe 
failure,  four  had  visuosf^tial  drfficuUics.  six  audiophonic,  and  tout 
both.  Of  1 2  who  had  problems  in  the  early  stages  but  were  reading  sat- 
isfactorily at  the  age  of  7.  four  had  continuing  audtophonic  difficulties 
with  or  without  visuospatial  ditnculties.  and  the  Qther  eight  had  lost  the 
audiophonic  disabilities  that  liad  previously  troubled  them.  This  linding 
!iupports  Schonell's  observations'^^  that  audiophonic  difficulties  dirnin* 
tsh  in  seventy  and  frequency  with  increasing  age  It  also  indicates  that 
audiophonic  inadequacy  lor  reading  may  arise  from  a  developmental  lag. 

.  rather  than  from  chronic  inadequacy^* 
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il  Vijis  noi  Nurpnsing  lo  find  lhai  Ihc  subjccls  who  suffered  from  slow 
speech  development,  many  of  whom  had  residual  speech  defects,  ex- 
perienced audiophonic  dif  ficultav^  when  llwy  came  to  leara  to  read-  It 
became  mcrcasingly  apparent  as  the  ^ludy  proceeded,  however,  that 
man>  of  the  difficulties  m  learnmg  to  read  suffered  by  the  subjects  with 
slow  speech  development  were  not  of  audiophonic  type,  but  visuospa- 
tial  Masun^*  made  the  interesting  observation  that  cliildren  with  speech 
retardation,  tested  before  they  had  reached  school  age/showed  signifi- 
cantly depressed  scores  on  the  Goodenough  Draw  A  Man  Test,  com- 
pared with  the  control  group  Mason  considered  that  the  relative  failure 
of  the  subjects  in  the  speech-retarded  group  could  be  considered  as  one 
aspect  of  maturational  lag.  inasmuch  as  the  subjects  "drew  a  man'*  in 
the  same  way  as  children  in  the  control  groups  would  when  2  or  3  years 
younger  The  extent  to  which  their  relative  inability  to  draw  a  man 
could  \k  attributed  to  visuo>palial  disabilities  and  the  extent  to  which 
those  disabilities  could  be  related  to  deficiencies  in  conceptuali/ation 
•    are  subjects  for  speculation  -"^^^^ 

The  interim  finding  of  this  still  incomplete  study  indicate  that 
speech  rctarded  children  in  the  upper  social  classes  m  Edinburgh,  irre- 
spectijfe  of  their  level  of  intelligence,  are  at  a  high  risk  of  failing  to  learn 
to  read  and  spell  as  quickly  as  children  of  similar  intelligence  and  social 
class  without  a  history  of  speech  retardation  The  risk  of  reading  failure  . 
IS  as  great  as  75'>  wlien  the  degree  of  speech  retardation  is  1 8  months  or 
more  at  the  age  of  4'/^  years  At  least  1 6^  of  the  speech-retarded  chil- 
dren so  far  tested  meet  the  definition  of  a  child  Tuffermg  from  "specific 
dyslexia"  l  e  ,  a  child  who.  m  the  absence  of  impaired  intdhgoruxN 
physical  defects,  poor  motivalnm.  or  a^dyerse  environmentil  faclors, 
nevertheless  experioace<..  severe  4ifficulty  in  the  learning  of  reading  al- 
though he  perfornjs  satisfactorily  m  the  early  school  years  in  subjects 
mdebendenl  of  jeading  The  proportion  of  childriJn  considered  to  suffer 
Irom  'Specific  dj  slexia"  is  likely  to  increase  considerably  as  the  study 
proceeds 

Reading  disability  did  not  appear  to  be  associated  with  any  evidence 
of  organic  disorders  in  the  patients  studied,  rather  stringent  neurologic 
examination  had  failed  to  i^veal  any  ladications  of  brain  abnormahty. 
But  the  reading  and  spelling  difficulties  could  not  be  attributed  to  cn- 
.  vironnwntal  difficulties  There  appeared  lo  be  ev4dence  of  constitu- 
tional reading  disabilities  These  disabilities,  however:  did  not  take  a 
single  form  Some  children  were  retarded  m  a^ading  because  they  were 
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uiiable  to  peHiu    ::aequdtely  in  the  audiophonicitasks  demanded  by 
tetding,  others  becauser  tti((y'had  visuospatiai  difTicMtttes.  In  a  third 
group*  both  types  of  dirflculty  were  ippirent*  Preliminary  data  suggest 
that  the  outlook  for  overcoming  or  outgrowing  reading  and  spelling  dis- 
^  abilities  is  most  favorable  when  the  difflcuities  are  audtophonic. 


DISCUSSION 


Thf  R,eadiiif  hocess  '        *  . 

'^nut  is  known  about  the  complex  processes  by  which  children  learn 
to  read  and  write  with  accurate  spelling  ha«  been  fully  reviewed  by 
Vernon, "^  I^  Schoncll,'^^  BuriJ^*''  and,  from  rather  different  sland- 
poinu.  Vyiotsku.f ^ Higet.'**"  and  Luria.*^  ^ 
^  'Lttria**  pomt^^iit  that  the  pro<!e!^  of  itadmg  fecgins  wiVii  thV  percep- 
tion of  letters  and  theh  the^anstlysis  of  their  conventional  phonetic 
value,  •*Tfiis  is  followed  by  a'very  complex  process,  causing  the  most 
pbvious  difficiilty  m  education- the  process  of  fusion  of  the  phonetic  | 
letters  info  words/*  Isolated  phonetic  ^nSs^ave  to*  be  tvcod^into* 
complete  syllables  befote  tWy  can  be  cdfhbined  imo  whole  words.  As 
reading  skill  develops*  the  ^'analysis  and  synthesis  of  individujit  pho- 
yetic  letters  is  gradually  contracted  and  simplified  ancMs  event u;)llly 
transformed  into  the  direct  recognition  of  wotds  by  s*^t/'    -  . 
^    I  ina  considers  thit  t(u^  is  a  characteristic  qjf  fuUy^cve|djp?d  . reading^ 
'  skill,  the-  thud  stage  ITiis  stage  of  reading  skill  is  reached  4lien  the  ^ 
reader  perceives  immediately  the  likely  meaning  of  groups  of  letlersor  ^  * 
words  and  be^s  to"*'s^afi*'  sentences.  He  learns  to  tomp^  the  c|* 
pected  meaning  from  minirilK]  clues  given  in  jhe  text  witli  the  tneanif^ 
actually  expressed,  and  it  is  only  occasionally  wirh  diVricuU  words  ttfat*  , 
Ik  has  to  resort  to  the  earlier  methods  of  delaile<ll  |>ho9eHc  analysis  ^|nd 
syntHests.  The  process  by  which  the  child  develops  ^^gues^^n^raading**  or* 
readiftg  ^ntences  or  even  paragraphs  on  the  b^ksis^of'minihi^clilef  is   ^  ^: 
^  crucial  to  thext^evetop'ment  of  (Jucnt  reading  characfSrisHc^soTlitefatc 
adults/  /    *  . 

'  To  recogiiine  letiers>  some  minimal  visuospatiai  abilitievare're-  '  ^ 
quired.*^*^  Vcrnon^*^  points  out  that,  to  identify  words,  a  child  must  •  ' 
be  able  to  recognize  individual  tetters  and  perceive  their  ordering  in  ^ 
space  if  ^-  mo  be  in  a  position  to  sound  tlient  conccily.  In  mosicaicv. 
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While  they  arc  dcquirmg  ;he  abihty  lo  do  that/ most  children  learn  to 
rceogni/e  some  words  by  their  charaeteristic  shapek,  and  the  ''guessing 
reading^  process  described  by  Luria  begins.  , 

Vernon  notes  that  small  children  may  not  realixe  what  details  of 
shape  anrd  Corm  are  essential  and  ihey  are  likely  to  fail  to  understand 
felationships  of  parts  of  a  word  to  the  whole  word.  Ui  particular,  they  * 
liave  difficulty  in  perceivmg  the  significance  of  the  ordering  of  words. 
Defects  of  this  type  have  been  demonstrated^  a  number  of  studies  orf 
children  who  are  retarded  in  learning  to  read  and  spell. They  lend 
to  confirm  tlK%stalement  by  Herrpann^*  that  in  many  cases  therqf  is  a  ' 
fundamental  disturbance  "involving  the  categorical  sphere  of  function 
which  may  be  termed  directional  function" 

The  d^rectiuiul  disturbance  is  related  to  a  failure  of  lateral  onenlation  with  refe'r- 
cnce  to  the  body-scheme,  j^uch  that  concepts  of  direction  are  either  uncertain  or 
abolished,  the  individual  consequently  has  difficulty  in  orientating  himself  in  cxtra- 
pcffcon^l  space  This  difficulty  m  oncnfation  has  particular  conscqpcnccs  for  the 
at^ihty  to  operate  with  symbols  mh  as  letters,  numbers,  and  notes. 

\  number  of  authors  have  commented  on  the  similarity  of  the  pro- 
cesses involved  in  distinguishing  temporal  sequences  that  determine  the 
order  of  speech  sounds  m  oral  language  and  spatial  sequences  that  deter- 
mine the  order  oj  written  symbols  m  written  materialJ*^  llg  and  Ames^ 
found  that  transposition  of  letters  within  words  and  complete  word  re- 
versals pcrsi^aed  considerably  later  than  letter  reversals  in  reading  and 
that  was  also  true  of  children  wH^  had  had  difficulty  in  learning  to  read 
when  they  came  to  write.  Other  forms  of  substitution,  howeven  were 
f.iirly  frequent,  especially  within  monosyllabic  woids 

At  vnne  stage  in  reading^velopment.  children  learn  to  identify  word 
shapes  m  association  witli  related  word  shapes  in  the  sentence;  they  be- 
gin to  read  Ir^i  general  clues  rather  than  Irom  item  analysis.  The  ages 
and  stages  al^ich  this  process  begins  to  occur  are  variable  from  cHild  to 
child,  but  It  sceins  to  Ik-  relatively  late  in  children  who  are  slow  to  read. 

The  ways  in  which  children  learn  to  correlate  visual  symbols  with  • 
MHind  symbols  have  been  studied  extensively,  but  no  major  conclusions 
have  Iven  reached  It  is  obvious,  however,  that!!  at  some  stage  lin  their 
process  of  ItMrning  to  rcad>  children  tv**-i  ieurn  how  to  correlate  written 
symbols  with.thcjf  spoken  cijuivafenls  In  fcnglish,  as  Vernon'"  has  de- 
stf  »lvd.  there  ate  great  dilticulties  in  taping  so  Ik*c  luse  of  the  large  num- 
ber nf  t  nsitundcd  written  s\  mboK  and  the  variation  in  vowil  sounds  in ' 
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different  positions.  Another  difficulty  is  that  sounded  words  make 
sense  only  in  context.  As  Vernon  writes: 

c 

Thus  the  child  has  to  learn  to  understand  that  (a)  each  word  and  its  sound  patterns 
are  separate  entities,  with  their  peculiar,  invariable  and  universal  characteri«|p^;(b} 
each  word's  sound  pattern  caabe  analysed  into  a  suaesston  of  sounds  with  a  char* 
acteristic  and  invariable  sequence;(c)  these  unitary  sounds 4;an  be  generalised,  in  the 
sense  that  they  occur  in  approximately  the  same  form,  but  in' different  sequences,  in 
different  words,  (d)  the  sounds  correspond  t^rdtlt^rent  letter  shapes  visually  per- 
*ceived;  but  (e)  unfortunately  m  the  English  language  the  relationships  between 
sounds  and  visual  percepts  vary  considerably  from  word  to  word. 

Vernon  is  somewha^t  cautious  in  attributinjl  difficulties  in  learning  to 
.  read  and  spell  to  audiophonic  disabilities  but  admits  that  ''the  one  uni- 
versal characteristic  of  non-readers  suffering  from  specific  reading  dis- 
jjlwh^ty  IS  their  complete  failure  to  analyse  word  shapes  and  sounds  sys- 
temaWally  and  associate  them  together  correctly/' 

-  Why  even  quite  an  inielligcnt  child  should  fail  to  realise  that  there  is  a  complete  and 
invaiiabic  correspondence  between  prmted  letter  shapes  and  phon^ic  units  remains  ^ 
a  mystery  which,  as  we  shall  see  . . . ,  has  not  been  solved,  It  must  EfiSattributed  to  a 
failure  in  analysing,  abstraction  and  generalisation  but  one  which,  typically,  is  con- 
fined to  linguistics.  Perhaps  the  obvious  syncretism  and  familiarity  of  spoken  words 
'  makes  it  particularly  hard  to  apply  cognitive  reasoning  to  their  analysis.  It  is  certain 
that  in  some  cases  only  a  drastic  form  of  analysis  proves  efficacious  such  as  that 
utilised  in*  the  Fernald  and  Keller  Tracing  Method/^ 


Variety  of  Dis lurbaihvs 

U  is  apparent  that  the  complex  and  interrelated  tmicUom*  icquired  lor  ^ 
the  normal  dctelopment  of  rcadrng  and  spelling  may  be  disturbed  in  a 
wide  variety  of  ways.  Children  who  have  i<|fficultics  in  recognizing 
shapcN,  patternh.  and  sequcMices  of  patterns  ate  Hkely  to  have  trouble 
when  they  are  asked  to  identify  letters  in  different  sequences.  Children 
.  with  difficulties  in  recognizing  sequencing,  whether  in  spatial  or  tem- 
poral terms,  are  likely  to  have  difficulties  in  conceptuali/.ing  sequences 
of  written  symbols  or  sound  symbols  and  in  transmitting  one  to  the  ^ 
other.^**  Difficulties  in  sequencing  arc  likely  to  be  more  evident  When 
the  child  tries  to  spell  than  when  he  tries  to  read. 

Difficulties  in  correlating  the  written  with  the  spoHcn  symbol  are  . 
almost  invariably  found  m  children  with  reading  and  spelling  diffi- 
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cultics.  It  is  difficult  to  account  for  them  in  modem  theories  of  learn- 
ing, but  the  idea  that  sequencing  in  either  temporal  or  spatial  relation- 
ships may  be  impaired  docs  make  it  possible  tp  understand  to  some 
extent  how^both  visuospatial  and  audiophonic  difficulties  may  arise. 
Diffi^jultics  in  relating  written  symbols  to  their  spoken  equivalents  arc  * 
found  very  frequently  in  children  with  slow  speech  development  and 
in  most  of  them  are  the  miyor  cause  of  retarded  development  of  learn- 
ing t9  read  and  write.  In  1 957,  it  was  possible  for  Vernon"''  to  write:  ^ 

Speech  defects  and  slow  language  development  hive  often  been  found  in  backward 
•  readers  and  may  have  been  contributory  to  the  retardation,,but  in  the  experimental 
study  of  these  defects  there  has  been  no  attempt  to  determine  the  frequency  with 
which  they  iippear  in  severe  cases  of  disability  as  distinct  from  their  joccurrence  in 

the  merely  backward. 

■*       *  •  •  • 

To  some  extent,  the  preliminary  results  of  the  study  of  clyldrcn  with 
retarded  speech  development  In  Edinburgfb  have  demonstrated  that 
there  is  a  close  correlation  between  the  extent  to  which  speech  develop- 
ment is  retarded  and  thd  extent  to  which  the  ability  to  learn  to  read  and 
to  spell  is  impaired^yApparent,  however,  that  there  are  numerous 
causes  of  failure  to  re?d  and  spelK  Such  environmental  factors  as  fre- 
quent changes  of  school,  inappropriate  and  inadequate  schooling,  flrc^- 
quent  absences,  frc^m  school,  mental  defect,  deficien;:ies  of  hearing,-:se" 
rious  abnormalities  of  vision,  and  combinatiohs  of  these  all  contribute  to 
"backwardness  in  learning  to  read  and  spell.  But  in  a  high  proporjtion  of 
children  who  are  slow  to  learn  to  read  and  write-in  spife  of  the  fact 
that  they  are  of  averagtf  intelligence,  come  from  stable  homes,  and  have 
experienced  ^'normaP*  cducatronal  experiences -other  explanations  of 
^  ^        their  educational  disabilities  must  besought. 

A  variety  of  clinical  syndromes  have  been  described  that  may  be 
recognized  in  children  of  average  intelligence  without  gross  physical 
\        handicap.  Some  of  these  are  associated  with  recognizable  neurologic  / 
*         abnprmalities,  as  in  the  case  of  the  "choreoid  syndrome''  of  Prechtl,  in 
;  children  suffering  from  mild  ataxic  cerebral  palsy,  or  in  those  with 
t         indications  of  '^minimal  cerebral  dysfunctiotv.'*  In  many  of  these 
4)atients,  it  is  found  on  close  examinatioi  that  educational  disabilities  * 
are  not  confined  to  reading  and  writing,  tout  extend  to  other  subjects, 
including  arithmetic.'^  In  patients  with  ''minimal  brain  dysfunction,'; 
there  are  likely  to  be  considerable  variations  in  the  degrees  of  visuospa- 
tial or  audiophonic  handicap  suffered  by  different  patients. 
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Many  patients  who  show  serious  specific  retardation  in  the  ability  to 
learn  to  read  and  write  do  not  have  any  indications  of  brain  damage. 
Many,  although  hot  all,  have  af  family  history  of  retarded  development 
in  learning  to  speak  or  to  read  and  write.  In  these  patients,  difficulties 
in  learning  to  read  and  write  may  be  largely  visuospatial  or  audiophohic, 
or  both  types  of  difficulties  may  be  demonstrated  in  test  and  learning  . 
situations. 

A  number,  of  different  clinical  sy ndrojmes  of  "specific"  learning  dis- 
ability may  be  defined.  Some  are  predaminantly''*visuospatiar'  in  type, 
others  prcdomiijMitty  "audiophonic,'*yand  others  a  combination.  Some  ^ 
patients  in  each  category  may  exhibiy  weak  lateralization  of  handedness^ 
and  ''eyedness,'*  clumsiness,  gr  a  family  history  of^retarded  develop- 
ment of  speech  and  of  learning  to  read  and  write. 
'  The  definition  of  the  many^syndromes  that  constitute  "specific 
developmental  dyslexia"  or  "specific  dyslexia'*  is  only  now  becoming 
possible.  Fuller  definition  is  important  not  only  for  academic  purposes, 
but  also  for  remedial  education,  so  that  teachers  may  devise  appropri- 
ate programs  of  teaching  for  their  pupils. 
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Visual  Perception  in  Children 
with  Reading  Disabilities 


This  present jliun  dibcu^scs  t\M>  questions  Wlut  dctcvis  in  visual  pcr^ 
ccpiion  are  a>voci4lcU  v^ilh  deljycd  atqui^^jtmn  ut  rcudiitj:  tn  *,hildhiind  * 
What  Iiappeas  to  those  dele^ Is  av  the  child  ^xo^s  into  aditt^uud  * 

Our  oMiH  mvestigarK»ns  dealing  prmiarib  but  not  eulusivcl^ji^^ 
children  who  %ere  ^-12  >ears  old  who  hud  tuJI  scale  intelligence  qu«> 
tients  oj  at  least  S5  on  the.  WeUisler  Intellij^cnwe  Svale  for  Children, 
and  whose  acquisition  ol  re^idnic;  was  del^>ed  hJ\e  led  x\s  to  revogni/e 
a  syndrome  in  which  a  basK  component  appears  to  he  disorientation 
in  space  and  in  time  This  diso^entation  js  retlcvted  in  speuiliv  temporal 
and  spatial  distortions  in  the  \isujl  anditorv ,  and  KinebihetK -tactile 
perceptual  modalities  and  in  ^*^.neral  body-image  onentation  For 
exiiuple.  temporal  sequeiaingol  sound  may  be  detectiw  In  tai^tile 
itid  bod\'imai!e  perception,  there  ma>  be  impairment  in  spatul  omn- 
tation  i»l  riiiht  and  lett  up  and  down.  Theie  may  be  specific  visual 
detevts  in  diseriniination.  in  tigure-havkjL'rouml  per^^eption,  in  visual- 
motor  function,  and  in  visuJI  memory 

Inilividual  v.irialions  m  perv.eptuttl  delects  iharitd  m  a  perceptual 
prolile  ijraphieally  illustrate  that  all  combinations  ol  defeels  ma\  be 
found  wlinically  Visual  delects,  therefore,  itmstituu  onl^  one  area  ot 
difficulty  in  a  broad  spectrum  ot  perceptual  defects  that  is  dillerent  in  / 
distribution  and  severitv  for  each  child 

Perieptua!  unestipation.  too,  is  hut  one  aspect  ol  the  total  evaUution 
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of  the  child  with  a  reading  disability.  In  the  last  year,  we  have  examined  . 
SO  rtrst-gniders  who  were  sent  to  us  because  their  language  skills  were 
signiricantly  below  those  of  their  peers  in  age.  intelligence,  and  educa- 
tional exposure.  We  found  a  very  mixed  etiologic  group.  In  s^tch  a 
group,  approximately  one  third  will  have  the>,syndrome  described  (spe- 
^  cific  perceptual  defects),  immature  postural  responses,  and  clinical 

evidence  that  cleur-cut  cerebral  dommance  for  language  is  not  estab- 
lished. Another  one  third  will  have  this  basic  syndrome,  but,  in  addi* ' 
tion.  neurologic  ahnprmalities  in  one  or  more  areas:  in  muscle  tone, 
power,  and  synergy;  in  cranial  nerves;  in  deep.  superficiaK  or  pathologic^' 
reflexes,  or  in  impulse  control  and  autonomic  lability.  Of  the  remaining 
one  third,  an  occasional  child  (two  in  our  sample)  wilt  have  a  peripheral 
sensory  defect  four  children  were  diagnosed  as  schizophrenic.  One  was 
found  to  be  im*mature  in  all  aspects  of  developmeot  and  functioning  at 
,    a  defective  level  on  intelligence  testing..  In  three,  emotional  problems 
were  considered  to  be  the  cause  of  language  retardation,  and  in  four 
children  perceptual  deprivation  at  critical  ages  was  considered  causal. 
Because  of  these  complicated  etiolugic  factors,  we  believe  that  evalua* 
tion  of  the  child  with  a  reading  di^bility  acquires.  u«  ihe  very  least, 
neurologic,  psychiatric,  psychologic,  and  educational  examinations. 

We  arc  concerned  here  with  children  whose  language  skills,  as  mea- 
sured by  standard  tests/are  below  those  expected  from  their  intelli* 
^  gence  and  educational  experience  and  whose  peripheral  sensory 

apparatus  is  intact.  The  defects  in  visual  perception  that  arc  associated 
with  delayed  acquisition  of  reading  includi; defects  in  visual  discrimina- 
tion.  in  visual-motor  abihty34ind  in  visual  memory  ..  Although  it  may 
be  difficult  to  isolate  them,  attempts  tp  do  so  should  be  made,  because 
they  may  reflect  different  as^ts  of  brain  function,  in  vJsuahmotor 
dysfunction,  lor  example,  the  critical  defect  may  lie  n  the  praxic  ele-  ^ 
ment.  not  the  discrimination  one.  and  in  defects  in  visual  memory, 
complex  association  or  vognitive  factors  may  be  involved,  and  not 
discrimination  or  praxis.  Practically,  these  areas  of  visual  perception 
may  be.  studied  by  tasks  of  matching  and  recognition,  of  copyiitg. 
*  and  of  recall,  singly  and  in  combination. 

k 

I  ^  ■ 

yfSUAL  DISCRIMISATIOS 

The  outstanding  defect  in  visual  discnminatiofi  is  in  orientation  of  a 
Hgure  in  space.  Orientation  may  be  affected  not  only  in  the  right-left. 
/ 
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or-vimjcaj,  plafle,  but  in  the  hori/ontal  plane,  in  the  depth  axu,  or  m 
,grariou$  degfeei of  cJockwiHc  ar  counterclockwise  rotation, 
"  ^  The  general  problem  ot  axial  rotation  was  studied  by  Wcchsler  aiid 
Rgnalelli^^  as  early  as  1937.  The  abihty  to  orient  a  figure  in  space 
correctly  in  all  axes  is  not  acquired  until  the  age  of  5, 6.  or  7years. 
depending  on  the  test  used  Garvey  and  Herman,  working  In  our  clinic, 
examined  the  perceptual  ma|uration  of  50  children^  4.5-5.5  years  oW, 
who  made  up  the  total  population  of  a  "normal"  Head  Start  nursery.     •  , 
All  the  chiliSfen  easUy  recogniied  cylitders,  rectangles.^w^ 
^  squares,  and  columns  when  the  forms  were  presented  in  three  or  two 
-^-v^imensions.  When,  however*  tlic  wedge  was  presented  in  two  dimen* 
»v*5ions  in  D'andus  spiiiial  orJentatsons.  19  of  the  5(Kchosc  an  incorrect 
•  oneiualion  How  many  of  thon*  !<>  will  have  dtffi^liy  in  learning  to 
.  read  or  in-some  aspect  of  language  development  would  be  important^ 
to  follow,  A  partial  answ^-r  to  this  question  is  suggested  by  a  study  by  ^ 
Wechsler  and  Hag:n,^  w*ho  investigated  the  problem, of  axial  lotation 
in  50  first-grade  children  and  50  third-grade  chtkUe   n  a  middle^lass 
suburban  school  A  pojEiion  of  thwr  svudy  wnccrned  ihe  matching  or 
visual  JisvfHnitwtion  of  an  asymlnetric  figure,  shaped  roughly  like  a 
lamb  chopMmprinied  in  ei^t  different  positions  representing  the  lamb 
chop  in  var|b^ti<l\7ai  rotations.  Then  data  indicate  that  children  who 
.•niokirequeritly  pefce:ve4he  figure  la  itscornrct  orientation  show  a 
higher  degree  of  reading  readiness,  as^iieasureil  by  conventional  tests, 
sindmake  fiiore  rapid  ofocress  m  beginning  reading  Furthermore,  there 
» is^jjiaturation  m  this  discrimination  function  from  the  first  to  tlie  third 
grade  the  frequency  of  rotational  errors  on  recognition  drops  from  a 
high  of  1 3?  In  tUe  first  grade  to  3^;  in  the  third  grade.  In  short,  a 
signifkranl  proportion  of  children  who  continue  to  have  problems  of 
visual  ^patiaJ  Mricntution  will  have  difficulty  in  the  acquisition  of 
Veadingjikilhi^  ' 

>fre  have  luifher  iTivesligalvd  the  prublem  of  visual  spatial  onenta- ' 
.  tion  in  older  children  by  using  the  tlag  figure  and  the  rc,:ognition  of 
asymmetric  matrices  and  overlapping  forms  The  tia^  figure  consists 
of  two  crossct!  diagonal  lines  with  a  square  drawn  ^\  the  end  of  each,  . 
having  the  diaguiz.il  line  as  its  base  In  effect,  it  is  a  picture  of  foftr         •  ' 
crossed  flags  The  flags  arc  oriented  in  variou  direclioni^,  a  V-j.  car-old, 
child  of ';iveragc  intelligence  can  easily  <ecogni/e  the  Hags  in  different 
orientations,  but  a  child  with  a  nfading  disability  will  have  diflVulty 
Similarly,  asymmetric  ntalrix  like  forms  and  complex  overlappinii 
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forms  pre*?cn;  a  problem  m  recognition.  Of  60  children  with  reading 
disabiluics  who  were  involved  in  a  perceptual  training  project  over  the 
last  two  year^unly  ten  were  initially  able  to  recognise  and  match  ,  ^ 
^simple,  asymmetric,  and  complex  forms. 

In  our  experience,  80%  of  children  with  reading  disabilities  have 
difficulty  with  the  orientation  of  visual  stimuli  in  space.  This  is  at  a 
level  of  visual  recognitidn  and  does  not  involve  verbal  symbols* 

Spatial  or^ntation  is  further  confused  in  the  child  with  a  reading  ^ 
disability:.  whi:n  a  figured-background  problem  is  introduced.  To 
mininiiTe  the  mfhicnce  of  the  motor  component,  figure-background 
problems  may  be  studied  by  recognition  of  pictures,  hidden  withim  a 
backgroiind  by  a  variety  of  techniques.'*  -^-^^-^^  Our  own  preference 
lor  childtn  8-1 1  years  old  has  been  the  marble  board.  This  test, 
adapttiiii^  Werner  and  Strauss,^  has  been  standardized  by  Crain 
arid  Werrjer  *  !t  uses  identical  square  boards^  each  having  pi  0  rows  of  , 
It)  ileprc^ions.  The  depressions  are  painted  black,  the  remainder  of  the 
board  gray  Standard  designs  arc^  formed  with  black  marbles  in\he  de-  - 
prcssions,  and  the  subject  iis^sked  to  reproduce  the  design  with  marbles 
on  a  second  board.  This  ttJst  eliminates  a  verbal  factor  present  in  the 
hidden  inuges,  and  becomes  a  problem  in  visually  distinguishing  the  " 
^ one^talion  of  Jhe  test  ^tterri.  lt  ii:duces  but  does  not  eliminate  a 
motor  factor,  m  that  thtvmarbles^ust  be  placed  in  the  depressions  to 
niakc  the  pattern.  Of  children  with  readirig  disabilities,  50%  will  h^ave 
Uifficulty  with  this  task.  Their  errors  appear  to  involve  spatial  oricnta- 
/  iion  and  cai)  ^e  categori/^  in|o  the  following  groups;  (I )  difficulty 
'  tn  constructing  diagonals  and^ngles,  ( 2 )  omission  of  marbles^  in  the 
^gure,  (.?^  displacement  of  thc,tigure  or  its  parts,  and  (4)  the  use  of 
tactile  dues,  suclTai^rmgering^the  depressions.  That  these  errors  are  not 
praxjH;  is  !5hown  if  \i  color  contrast  (e.g..  using  red  marbles)  enables  the 
child  to  ifj^roducc  the  figure  correctly. 

pRe  ab>({ty  to  clearly  distinguish  a  figure  from  the  background  may 
be^jjjjkiiiTtt/ied  by  means  of  ambiguous  figures,  such  as  the  familiar 
van^tac^  Rubin  s^oblei  figure)  illusion.  Normally,  awareness  of  the 
ligiHo  u;^  background  will  sltcrnHc*     on^'  t"ne  the  profile  and  at 
anothcf  jifne  tlu>vasc.¥^il)  be  the  foreground.  Why  this  fluctuation 
occurs  rs  ri\>t  known,^^  The  number  of  apparent  changes  per  minute. 
J^  iwcwer.  otay  be  determmed  The  frequency  of  apparent  change  de- 
cftasev  with  age  and  wit|vstructur;jl  damage  to  the  cchtral  nervous 
sysltin,  In  children  wuh  reading  disabilities,  a  bimodal  curve  is  ob- 
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^ramed.  at  one  end  of  which  are  tKose  with  extremely  rapid  fluctuations  . 
'  (20-3P  per  minttteK  and  at, the  other,  those  with  extremely  slow  fluctu- 
ations (4-^  per  minute).  TRe'sig'nificance  of  t(^jsT^is  unkqown,  and 
.the  test  it!ielf,  r^^fying  on  subjective  reporting  b^^tlie  child,  may  not  be 
/^ehable.       /        ,  '  ^ 

/  On  the  b;8is  of  havip;?  studied  their,  discrimination  of  geometric 
forms  aiij*  th^it  errors  in  figure^backgroft^id  testK,  we  may  postulate 
that,  s^iiptomatically,  a  significant  defect  in  the  visual  perception  of 
children  with  reading  disabilities  lies  in  defective  ability  to  orient  a 
figu^fe  in  space Vorrectly.  this  defect  does  not  necessarily  imply  sttuc- 
lural  damage  to  the  brain,      it  does  suggest  a  lag  in  the  maturation  of 
sohie  brain  function.  This  hypothesis  may  be  investigated  further  by 
tachistQ^Jg^gn^  the  emergence  of  primitive  patterns  of  visual 

discrimi^IdHtnf  may , be  ofc^e'rved  in  normal  children  as  the  exposure 
•'time  is jjliccessiv^jly  re(|^^{;cd,^^  Thescprimitive  patterns  are  similar 
to  th^)!j6  >Mhich  jifiildretf  with  reading  disabilities  will  display  with  un- 
linyfedJ^xpj^ure  time. 


^V^su^^7motor  function  adds  the  functions  of  fmc  motor  coordination 
an«j4.of  Praxis  to  the  i^4pacity  for  precise  visual  discrimirKi'ti<>n,  Even  if 

(rf  visuaUisc?imination  arfe  normal  aiuHficre  are  no  defects  in  fine 
4ot6r  uiordination  vl«4ijl-mot^r  function  may  be  disturbed* because 
of  a  defect  in  the^'bilirV  tt^imitate  motor  patterns.  Frequently  ,'*a  child  - 

Jt^in  Wc6gnji?:e  tjirit  his 4:0^  of  ^  patteriV  is  incorrect,  but  he  cannot 
mdkc  it  vx^m;5i|Kind Jpr.^^^^  likc^my  other  function,  has  a  sequence  of 
matur4i(Mi.  with  the  }H?ini(M^  Visua?^otor  pattern  procee^ling  from  - 
scribbles  to  connevled  Icwis-drawn  clockwise  in  a  horizontal  low,  to. 
singft  closed  loopC,  tq  ^fJS^cd  hori/,ontal  and  vertical  lines,  to  the 
sqU4av«<^  tbw-  tmngle,  AfKl  finally  to  the'diamond  at  age  7.2'  Cro^il 
diagonal  lines  rcquixe^^ilixfiroximately  8  yeafs  for  maturation.  ^  Delay 
in  the  matiiwtion  ot^l^^al-motor  function  has  been  foynd*by  de  Hirsch 
efalj  cWs.**  and  Mionroe^*  to  correlate  significantly  with  the  '^res- 

" ence  ofc reading dnAHility \-'    .  - 

"    Our  own  ubsfCiVations  of  children  with  reading  disabilities  reveal  ' 
that,  on  the,Bc'ndeh{;iestalt  test,  they  perform  below  their  expected 
ag*?  and  mei^igence'.  SigmficantAlefects  are  indicated  by  four  charac- 
t^ftsticiJ?  dtfficufty'with  angulation,  either  immature  or  actually  stel- 
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,  late:  a  tendency  to  verticalize  the  diagonals,  and  to.  rotate  entire  figures 
towarxhthe  vertical;  replacement  of  dots  with  primitive  loops;  and  use 
of  cues,  such  as  the  edge  of  the  paper  or  a  previously  drawn  figure. 
These  findings  consistently  appear,  in  greater  or  lesser  degrees,  in 
approximately  90%  of  children  with  reading  disabilities.  The  findings 
agree  with  those  of  Keogh.*^ 
There  ari^,  of  course^  many  other  ways  of  testing  visual-motor 
^  function-for  example,  the  copying  of  geometric  figures  other  than 
thcGestalt  form**^' ;  the  paral^logram  test  of  Luria,'*  in  which  the 
Piitient  is  to  place  a  circle  in  the  appropriate  comer  of  a  parallelogram 
to  reproduce  a  given  parallelograntand  circle,  all  presented  in  various 
spatial  orientations;  the  Kohs  block  test*®  or  the  block-design  subtest 
^  of  the  Wechsler  Intelligence  Scale  for  Children;  and  Raven's  progressive 
matrices. The  latter  example,  however,  may  involve  cognitive  pro- 
cesses other  than  visual-motor  function.  Such  tests  as  the  Gottschaldt 
figures,  used  more  for  adults,"  combine  a  figure-background  problem 
with  a  visual-motor  one.  The  defects  in  visual-motor  function  found 
in  children  with  reading  disabilities,  like  defects  in  visual  discrimina- 
tion, may  be  interpreted  as  being  related  to  spatial  orientation.  These 
defects  are  characterized  by  performance  on  a  lower  level  of  the 
maturational  scale  than  expectec^from  the  age  and  intelligence  of  the 
child. 


DEFECTS  IN  VISUA  L  MEMOR  Y 

Tests  of  recall  oTvisual  stimuli  appear  in  most  surveys  of  visual  per- 
ception in  children  with  reading  disabilities.  Monroe,^'  for  exafmple, 
required  children  to  draw  from  nlemor^.  16  designs  that  were?  presented 
in  groups  of  four  for  1 0  sec/group.  In  a  piortion  or  the  Wechsler  and 
t^agin  study^  cited  eariie^  recall  of  the  stimulus  card  exposed  for  3 
sec  and  theo>«moved  from  sight  proved  to  be  more  difficult  than 
visual  discrimination,  and  a  poor  score  in  recall  was  sip  lificantly  "related 
to  poor  ceaUi  ig  in  both  first-  and  third-graders.  The  'Benton  visual  reten- 
tion test,^  however,  as  reported  in  20  children  aged  9-1 1  years  with 
reading  disabilities,  revealed  only  two  children  with  defective  perfor- 
mance.'* 

Our  own  observations  indicated  that,  when  recall  involved  the  mem- 
ory of  asymmetric  figures  or  the  memory  of  a  visual  sequence,  problems 
arose.  The  normal  6-year-old,  for  example,  can  remember  a  serieis  of 
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five  small  and  large  square  blocks  arranged  in  a  sequential  pattern;  if 
the  blocks  are  removed,  he  can  replace  them,  in  their  correct  sequence. 
The  5-year-oId  has  difficulty  with  this,  and  when  the  square  blocks  are 
replaced  by  wedges  with  differing  orientation,  even  the  6-year-old  will 


they  have  just  seen  for  as  long  as  1 5  sec.  Whether  this  is  a  problem  of 
visual  memory  or  a  reflection  of  the  visual-motor  problem  cannot 
always  be  determined  from  this  test  alone  but  becomes  apparani  in  the 
"    cofttext^of  a  total  examination.  -  ^ 

Problems  in  visual  memory  in  children  Vith  reading  disabilities  may  . 
be  interpreted  primarily  as  defects  in  spatial  orientation.  Trtis  defect  is 
also  seen  in  visual  discrimination,  in  visual  figure-ground  perception, 
and  in  visual-motor  functioning.  The  visual  discrimination  function 
may  be  said  to  be  immature  if  there  are  problems  in  orienting  a  figure 
in  space  or  discriminating  a  figure  against  the  intruding  background. 
Visual-motor  function  may  be  said  to  be  immature  if  there  is  a  ten- 
dency to  revert  to  primitive  verticalization  and  spatial  contusion. 

That  these  are  difficult  problems  can  be  seen  in  efforts  to  correct 
them  through  training.  Of  60  children  involved  in  a  perceptual-training 
project,  38  required  more  than  10  hr  and  three  required  more  than 
25  hr  of  training  to  learn  to  recognize,  copy,  and  recall  even  the  sup- 
posedly simple  geometric  forms;  the  total  length  of  individual  training 
sessions  required  to  progress  from  simple  forms  to  complex  forms 
reached  well  over  50  hr  for  each  child. 

What  happens  to  these  defects?  As  the  child  grows  into  adulthood,  ^ 
these  perceptual  areas  do  show  some  evidence  of  maturation.  The  de- 
fects do  not,  however,  completely  disappear,  A«ui  sbme  evidence  of 
reading  disability  persists  even  If  there  |s  adequkte  academic,  social,  and 
vocational  progress."  A  foUow-op  study  of  24  children.with  reading  dis- 
abilities originally  studied  and  treated  in  outs ^cliWc  bet^eeft  1949 
1951  and  studied  again  as  ydung  adults  in  i%I  and  1962,  spme  10-12 
years  later,  revealed  the  persistent  stamp  of  reading  disability.^' 

In  visual-motor  testing,  for  example,  the  ;Bender-Ge;5talt  drawing  does 
show  statistically  significant  improvement  in  rotation  and  verticalization  ; 
and  in  ability  to  cross  the  midline.  Angulation  difficulties,  however,  perr 
sist,  and  although  the  degree  of  rotation  is  decreased,  some  slight  primi- 
tive tendency  toward  verticalization  remains.  When  contrasted  with  a 
control  group  of  adequate  readers  from  a  similar  clinical  population. 
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these  primitive  tendencies  in  those  who  had  reading  disabilities  as  chil- 
dren are  seen  more  clearly.  , 

In  the  area  of  flgure-background  perception,  those  with  reading  dis- 
abilities in  childhood  made  significantly  more  errors  than  did  controls  in 
reproducing  diagonals,  in  omitting  marbles,  in  displacement  of  the  fig* 
ures,  and  in  use  of  tactile  or  color  cues.  Twelve  years  later,  significant 
improvement  was  noted  in  only  one  area:  omissions  of  marbles  from  the 
figure.  Although  improved,  the  adult  with  a  reading  disability  still  suf- 
fered from  a  figure-'background  problem,  because  he  had  not  attained 
.  the  maturation  level  of  the  control  groups. 

if  we  analyze  our  data  in  terms  of  adult  reading  achievement,  we  find 
that  ths  adequate  readers  tend  to  have  been  less  severely  retarded  in 
reading  when  tutoring  was  initiated,  that  as  children  they  had  fewer  per^ 
ceptual  problems,  and  that  as  children  they  had  a  significantly  greater 
proportion  of  verticalization  and  rotation  errors  in  visual-motor  perfor- 
mance, but  significantly  fewer  figure-background  problems.  Diagnostic 
cally,  there  were  fewer  "soft"  neurologic  signs  (i.e.,  signs  of  minimal 
brain  damage),^^ 

Other  investigators  have  considered  the  effect  of  traininc  in  perception 
on  various  aspects  of  reading  behavior.  Among  these  are  Lelin  and 
Watson/^  Staatsera/.,^*  Monsees,"  Elkind  et  al,^  Budoff  and  Quinlan,^ 
and  McNeil  and  Stone,^**  Th^  persistence  of  perceptual  defects  into 
adulthood,  however,  led  us  to  consider  the  possibil'ty  of  a  direct  attack 
on  perceptual  defects  in  childhood.  Instead  of  circumventing  them,  we  ^.' 
would  try  to  train  them  out.  Accordinglyr'wc  devised  tiymng  techniques 
to  correct  the  specific  perceptual  defects  found  in  careful  evaluation  of 
each  cbild.  In  the  visual  area,  this  consisted  primarily  of  the  recognition, 
copying,  anc|^ recall  of  simple  and  asymmetric,  matrix-like,  and  over- 
lapping forms,  exercises  in  the  orientation  of  fonns  in  space,  and  training 
in  the  isolation  of  the  figure  from  the  background.  Details  of  this  experi- 
ment may  be  found  in  Silver  et  al  ^ 

After  50  sessions  of  perceptual  training,  the  overall  Kop^tz**  scores 
on  Bender-Gestalt  testing  are  Improved  significantly  aU^keO.OOl  con- 
fidence level  (Wilcoxon  test).^*  Examination  of  the  error  characteristics 
^  *  reveals  improvement  in  angulation,  verticalization,  rotation,  accuracy  of 

joining,  and  ability  to  change  direction  in  card  6,  all  at  the  0.005  lev^l  of 
confidence,  using  the  chi-square  test.  On  the  marble-board  test  of  figute- 
background  perception,  the  total  score,  using  Goldenberg's  system,^  'is 
significantly  improved  (at  the  0.001  level).  Individual  error  characte^ 
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istics  show  significant  improvement  in  omission  of  marbles,  angulation 
errors,  and  diagonal  errors  at  the  0.0005  level  and  in  displacements  at  the 
0.005  level.  Th^sc  improvements  arc  ndt  made  aft^r  control  sessions.  It 
appears,  therefore,  that  specific  training  of  visual  discrimination,  visual- 
motor  copying,  and  visual  memory  can  indeed  result  in  improved  ability 
in  these  functions.  Is  this  reflected  in  improved  reading  ability?  Of  5fr  / 
children  with  reading  disabilities  treateB  in  our  program  of  perceptual 
correction,  43  improved  in  Koppitz  scores  and  15  did  not.  Oral  reading 
and  reading  comprehension  improved  significantly  in  the  children  with 
improved  Koppitz  scores;  improvement  was  not  significant  in  the  1 5 
whose  Koppitz  scores  did  not  improve. 

In  summary,  the  evaluation  of  visual  perception  is  but  one  part  of  the 
perceptual  examination  of  the  child  with  a  reading  disability.  Perceptual 
study  is,  in  itself,  only  one  part  of  the  neurologic,  psychiatric,  psycho- 
logic, and  educational  ortfluation  considered  minimal  for  the  under- 
standing of  su6h  a  chil*.  ^    '  r  ' 

Defects  in  visual  perception  are,  however,  associated  with  delayed  . 
acquisition  of  reading.  In  visual  discrimination,  the  outstanding  defect 
is  in  orientation  of  a  figure  in  space  and  in  clearly  discriminating  a  fore- 
grountlYigure  against  an  intruding  background.  In  visual-motor  function, 
the  main  defect  is  immaturity  in  abitty  to  reproduce  a  correct  spatial 
orientation  of  a  figure,  and  specific  immaturities  appear  in  the  retention 
of  a  primitive  tendency  to  verticalize  figures  and  in  difficulty  with  angu- 
lation.  Defective  visual  memory  shows  up  in  the  difficulties  in  spatial 
orientation  and  memory  of  sequences  of  visual  forms. 

As  the  child  grows  into  adulthood,  these  defects  tend  to  lessen;  but 
usually  they  do  not  completely  disappear,  and  some  evidence  of  dys-  '  * 
function  remains. 

Visual  perceptual  defects  in  childhood  may  be  reduced  by  training 
procedures  that  use  direct  perceptual  stimulation.  Improvement  in  per- 
ception appears  to  be»asj56ciat<>4;  with  improvement  in  oral  reading  and 
in  rt^ding  comprehension.  ^;  ^  • 

^C^L&f^JX^AJkD^MlNANCti*  '  ^ 

.fficTunctional  relationship  between  the  tW6/cerebrai}iemispheres  has 
^en  a  focus  of  our  attention  in  attempting  to  understand  the  pxoblems 

*This  section  was  added  after  iKc  conference.  -  ^ 
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of  ciuldren  suffering  from  developmental  (specific)  reading  disability  and 
those  with  minimal  neurologicsigns. 

If  we  analy^^e  the  perceptual  Refects  found  in  children  with  reading 
disabilities,  we  are  impressed  that  in  each  perceptual  area  the  defect  may 
be  interpreted  as  a  defect  in  spatial  or  temporal  orientation.  This  defect 
appears  in  the  visual,  auditory,  and  haptic  avenues  of  perception,  and  in 
the  total  body-^image  concept,  where  problems  of  ri^t-left  orientation 
are  evident.  If  we  attempt  to  carry  our  understanding  of  these  perceptual 
defects  back  onestep further,  we  suggest  that  defects  in  sfiatial  and  tern* 
pgfdl  orientation  may  iii  themselves  be  caused  by  a  lack  of  clea^cut 
ceftbral  dominance^  The  finding  of  Sperry  (see  Sperry*s  presentation, 
p.  167)  that  the  function  of  visual  spatial  orientation  resides  primarily 
in. the  lesser  hemisphere,  suggests  that  these  children  with  reading  dis- 
-'abilities  have  functional  defects  ip  the  lesser  hemisphere  or  in  its  relative 
.  balance  with  the  dominant  one. 

^     Suggestive  evidence  that  the  problem  of  cerebral  dominance  is  im- 

portant  in  reading  disability  has-been  advanced  by  McFie^^  (phi  phe*  . 
*  nomena)  and  Kimura"^  (dichotic  auditory  stimulation)  and  affirmed  by 
'    i^pur  observations  with  the  extension  test  of  Hoff  and  Schilder.*^  On  the 
latter  test;  childrejni^ with  reading  disabilities  do  not  have  clear-cut  Cerebral 
dominance.      ,  . 

To  be  consistent  with  our  hypothesis,  then,  the  teaching  of  reading 
should  theoretically  begin  with  the  establishment  of  clear-cut  cerebral 
dominanceTor  language.  Wt  do  not  know  hov^  to  do  this,  but  we  have  . 
attenlpted  to  teach  readinj^,  to  children  with  reading  disabilities  by  work- 
ing with  the  next  step  in  their  neurophysiologic  maturation-namely,  by 
.  'improving  tHe  accuracy t)f their perceptualinput. 

The  object  of  this  experiment  was  threefold:  to  determine  whether  we 
»  .        can  reduce  perceptual  errors  in  children  of  school  age  by  training,  to  ask 
what  effect  this  training  has  on  oral  reading  and  on  reading  compre- 
hension, and  to  ask  what  effect  this  training  has  on  our  measures  of 
cerebral  dominance. 

As  indicated,  errors  can  be  reduced  by  training;«chil(fren  then  do 
better  in  oral  reading  and  in  reading  comprehension.  Also,  in  children 
in  whom  perceptual  training  is  successful,  tests  Tor  cerebral  dominance 
change  in  the  direction  of  more  definite  establishment  of  a  dominant  « 
cerebral  hemisphere.  Our  experiments  in  perceptual  training  were  de- » 
f  >  ^        signed  to  give  the  children  a  firm  perceptual  basis  for  the  later  develop- 
ment of  language  skills. 
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.Perhaps  wc  should  go  back  even  further  and  attempt  to  d^yeloir" 
cerebral  dominance  in  the  infant.  If,  as  Gesell  has  suggested  J  cerebral 
dominance  is  based  on  tonic  neck  reflexes,  an  infant  who  does  Hot  ex-'  ; 
hibit  a  preferred  reflex  direction  is  prone  to  develop  language  disability. 
Our  efforts,  using  Dr.  Lipsitt's  techniques  (see  p.  381),  mi>;  well  be  to 
establish  a  preferred  direction  of  tonic  neck  reflexes  in  the  first  year  of 
life  and  thus  enhance  very  early  the  perceptual  pattern  offunctional 
asymmetry. 

The  work  reported  here  was  supported  in  p'irt  "by  grants  from  the  Field  Foundation 
and  the  Carnegie  Corporation  of  New  York.  The  statements  made  and  opinions  ex- 
pressed ar^  the  responsibility  of  the  authors. 
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CLASSIFICATION, 

Dr.  Ingram  (p.  405)  has  provided  two  typcs^of  classification.  The  first 
isetiologic;  it  include?  organic  disease,  deviation  of  development,  and 
less  well-defined  and  more  heterogeneous  problems.  The  second  is  func- 
'tional;  breakdown  in  the  mecl\anisms  involved  may  occur  in  any  of  sev- 
eral crucial  stages  of  the  process  of  learning  to  read.  He  has  postulated 
three  points  of  possible  breakdown  in  this  process:  a  failure  of  percep- 
tion, an  inadequate  language  function,  and  a  difficulty  (or  inability)  in 
associating  a^visdal  symbol  with  the  sound  that  it  represents. 

Language  Function 

Dr.  Ingram  has  emphasized  the  linguistic  element  in  reading-the  im- 
portance of  the  pre-existence  of  an  adequately  developed  language 
function  injthe  chlid.  His  demonstration,  also  shown  by  Dr.  Hlrsh  (see 
p.  23 1 ),  of  the  Inconstancy  or  lack  of  precision  in  the  use  of  language  at 
the  time  the  child  is  expected  to  be  learning  to  read  is  an  important  con- 
tribution to  our  understanding  of  the  problem  of  the  child  at  this  age. 
Although  Dr.  Ingram  recognizes  the  frequency  of  other  factors  in  dys- 
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lexia,  his  prospective  study  documents  clearly  the  relationship  ^between 
deviations  in  language  development  and  deviations  in  learning  to  read. 

_  Drs.  Silver  and  Hagin,  in  the  preceding  paper,  also  recognize  the  diversity 

of  the  problem,  but  they  emphasize  the  significance  of  disorders  of  per- 
ception. I  have  tried  to  relate  these  learning-toread  processes  in  a  neuro- 

  physiologic  and  neuroanatomic  model  that  1  think  has  some  value  for 

understanding  the  complexity  of  the  process  with  which  we  are  dealing 
and  the  various.points  of  weakness  at  which  a  breakdown  may  occur. 

Anatomic  Model 

In  regard  to  the  language  function,  the  indications  are  that  the  centers 
for  spoken  language  develop  in  the  !^ft  hemisphere.  Although  consider- 

 able  plasticity  still  exists  in  the  child,  H  is  reasonable  to  assume  that  the 

anotysis  and  use  of  auditory  language,  by  the  time  a  child  enters  school, 
  '        are  centered  largely  in  the  left  hemisphere. 

Dr.  Sperry  (p.  167)  has  indicated  that  th«  appreciation,  analysis,  and 
-  T       _     recognition  of  geometric  patterns  and  the  orientation  of  self  and  'objects 
in  §pace  constitute  a  function  that,  at  least  in  the  adult,  is  most  skillfully 
carried  out  in  the  right  hemisphere,  particularly  in  the^ parietal  region.  At 
some  point  in  the  reading  process,  it  is  essential  that  t^)ere  be  established 
an  association  or  a  relationship  between  the  visual  pattern  of  a  letter 
(which  is,  according  to  this  concept,  most  effectively  analyzed  in  the 
right  hemisphere)  and  the  meaning  and  sound  of  that  letter,  whose  analy- 
sis is  mediated  in  the  left  hemisphere.  Experimental  work^  strongly  indi- 
-j;uilesJhat  such  interhemispheric  associations  are  much  ynore  difficult  to 
make  than  intrahemisplieric  associations. 

Teleologically,  the  visual  process  the  spatial  orientation  function 
must  be  concentrated  in  a  single  hemisphere.  As  was  emphasized  by 
/        ^    ■  Dr,  Sperry,  this  appears  to  be  a  very  strongly  uni^dte^al  function.  The 
piget^n^s  eyes  are  on  the  sides  of  its  head,  and  it  has  no  stereoscopic 
vision;  there  is  no  uncrossed  visual  pathway  in  the  visual  tracts  (Figure  I), 
If  you  cover  one  of  the  pigeofi's  eyes,  teach  it  to  discriminate  between 
mirror-image  objects  with  one  eye,  and  reward  it  for  selecting,  say,  the 
"b,"  and  then  cover  that  eye  and  permit  the  bird  to  attempt  the  task 
with  the  other  eye,  it  will  select  the  mirror  image.'  The  same  experiment 
has  been  done  in  the  monkey  (Figure  2).  If  the  optic  chiasm  is  sectioned, 
the  animal  will  have  only  a  unilateral  input  to  each  occiput^  Exactly  the 
same  results  are  observed  in  such  a  monkey  that  is  First  trained  with  one 
eye  and  then  tested  with  the  other/ 
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MGURt  t  inlcihcmi%ptieftc  tramfer 
in  the  ptfeon  A  bird  trained  to  peck 
tlie  letter  "b"  with  it%  left  eye  fus  the 
tmc  of  thU  imafc  relayed  to  the  lefl 
hemuphete  as  **d  "  If  it  is  then  required 
to  wiect  between  "b'*  and      with  lU 
n|ht  tye,  the Aew  imafc  in  the  left  oc< 
apul  H  compared  with  the  revtned 
image  of  the  memory  tme  in  the  left 
hemttphere,  and  tfie  mtriof  tmage.  *'d.'* 
It  elected.  (After  Mello.^  (Revenals  in 
the  retim  ate  disregarded  for  simplify  ^ 
vaiion ) 


Returning  to  the  pigeon,  how  does  one  explain  this  phenomenon?  If 
thetinimal  K  trained  with  the  left  eye,  it  becomes  responsive  to  an  image 
projected  to'its  right  occiput.  This  image,  presumably,  is  similarly  located  ^ 
in  the  visual  association  area^^fter  which  it  is  carried  by  a  point-Co-point 
m?chunisni  as  a  mirror  image  to  the  other  hemisphere.  If  the  animal  then 
observes  the  object  with  its  right  eye,  the  object  that  matches  is,  in  fact, 
the  reverse  object,  and  not  the  original  image. 

Intcgrahnn  Qtilai 

From  this  experiment,  it  would  appear  that  under  ordinary  circum- 
stances in  th^  human  there  must  exist  m  each  hemisphere  (wo  con* 
flictmg  mirror  images  one  representing  the  direct  visual  input  to  that 
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fiGURF  2  lntcihcmis|>hcnc  innfflr 
in  the  monkey,  it  (he  opck  chltsm  of 
the  monkey  is  cut,  exch  eye  will  project 
on]y  to  the  ipsdatenl  hemUpherc.  **h" 
9cen  with  the  niiht  eye  i$  projected  only 
lo  the  /ifht  hemisphere  and  reUyet^tOi 
the  le^t  hemuphefe  «s  "d.**  If  the  moiH 
key  IS  then  required  to  use  its  if  ft  eye 
to  select  between  ^'b*'  and  '*d.**  it  wtO 
•  itrlevt  **d/'  beciute  it  corresponds  to 
the  memory  trice  of  the  left  hemi* 
sphere  (After  Nobie.^)  tReversalt  in 
the  retma  are  divegirded  for  simpltfl- 
cation ) 


hemisphere,  the  clhcr  representing  the  mHTor  image  relayed  from  the 
other  hemisphere.  There  musi  be.sortie  mechanisin  for -the  suppression 
of  the  secondary  image.  However,  as  postulated  by  Orion,*  confusion  ^ 
iTiighr  easily  develop.  In  addition,  the  studies  c?*ed  above  suggest  that 
the  most  effective  integration  of  complex  '•^ual  p^terii$  is  in  the  righf 
hemisphere.  There  must  be  a  consistent  reversal  whenever  images  arc  as- 
sociated wit)i  auditory  language  symbols  mediated  in  the  left  hem'ispherc. 
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The  convincing  demonstratiod  by  Dns,  Silver  and  Hagin  of  the  nature  of 
the  perceptiial  deHcits  of  their  group  of  children  lends  some  support  to 
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thclhcMN  that  UislurbaiKc     ihc  mechanism  lor  suppression     Uic  ncc- 
cndary  image  u»iUvrli<*s  much  of  the  children^  disahihly.  For  example 
Ihey  pointed  \>\xi  ihe^lendency  toward  verticah/^lion  Consider  the  prob- 
lem of  the  child  who  \m\^\  distinguish  between  a  vcrtic^d  Iwe  and  a  hori- 
/ortal  hne.  That  is  Mmpk\  because  thr  vertical  hnc  is  exactly  the  same  m 
the  two  hcmisp'.eres  (as  is  the  horizontal  hnel^,  Bui  consider  Uie  child 
who  must  disiinguish  between  two  diagonaLhnes  that  ak\  incidentally, 
also  at  a  *>0-dejj  anjjje  Theoretically^  they  miglit  be  no  more  difficult  to 
distmguish  than  the  hon/tmlal  and  vertical  Imev  lii  this  Instance  the 
nncsarcconfijsed  in  tlie  two  hemispheres  awd  the  child  has  to  remember 
nor  only  the  appearance  of  the  lim  but  which  hemisphere  he  is  seeing  it 
W;th.  IHs  evident  from  Silv<er  and  Wagin\  studies  tha:  there  ma>  be  a  ' 
Very  stKind  reason  to  assign  a  neurologic  basi^ tor  tlvc  perceptual  ilitfi' 
cuUie^^TTf These chiWren.  tn  icspccTTurcLOgnition  o\  ligure*  and  synibtifs 
that  *?re  to  be  used  tor  communication*  411  which  an  as^ocialu>n  musf^bt 
estibh'^hed  between  ll  e  visual  image  and  the  ianguage  funct  on.  the  child 
IS  being  required,  at  first,  to  use  two  hemispheres,  and  an  umisiuHy  dif 
ticult  task  IS  being  imposed  ^n  him.       .  ^ 

Milner's  data*  suggest  thfit.  in  the  adult  although  visua}  puttei n  rew- 
ogmlton  IN  still  nuisi  effectively  mediated  in  the  ngliJ  hemisphere,  the, 
aui^gmtion  of  symbols  is  n.ost  cf/ectively  accomplished  by  ^hc  left  hemi- 
here.  This  suggest>  that  the  prol>lei:i  ot  establishing  association  be- 
ween  vision  and  language  tunction  is  handlcd^ by  having  the  ccntc;  for 
symbtil  reci>gnition  develop  in  the  left  hemispl^^*^^'  rather  than  m  the 
rightfwhere  pattern  recognition  isordinarilv  most  effectively  handled 

Pcwiammc 

Dj>  Sdve;  and  llagm  have  pointed  cnit  that  these'  pcrLiptualdcIicils  ar«r 
Ireoucnlly  permanent  There  is,  however,  a  lendencv  to  speak  them 
as  dcveliJfjfnencal  lags  Altluuigh  many  children  ma>  learn  ti>  overcome 
'  their  dtsanihties,  lor  many  the  disabilities  ntmrthcless  remain  Rawstm^ 
has  doi^umcnfed  that.  aWk)ugh  her  group  of  dyslesic  bnVs  managed  t«* 
circumvent  Uicir  divibililies  and  Kcome  e  ^Cvtive  readers,  they  wc'te  stiU 
ditierent  Itoiu  av«;rage  adtdts  Ihey  continued  to  havi\spelliiig  ditlV 
culties,  and  the  perceptual  deliciK  somcbines  persisted 

We  aie  talking  about  at  least  two  ditferent  tasks  when  we  speak  ol 
"reading  ihvioilil^ "  the  ta^k  of  the  shird  gradcr.  who  has  it*  be  .«ble  to 
read  words,  prt?habK  requires  ^  won^tntratii>n  im  pattern  reypgnituMi 
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and  precision  of  pattern  rcco^ition>ana  the  ia^k  of  the  high*5chool  stu- 
dent who         extract  meaning  with  a  minimum  ofcugs,  reiiutccs  a 
dirfrrent  type  ol'  jilall  eVx*n  thougfi  he  must  first  bavd  mWercd  the  earlier 
^UslC  to  some  exlent  if  he  is  to  accomplish  this  one.  There  is  much  to  sug- 
gest that  .th«*  bright  child,  even;  if  he  continues  to  have  a  very  serious  per- 
cepiUal  deficit,  munagii>  t<i  become  a  reasonajbty  effective  reader  by  using 
sketvhy  cues,  which  are  all  that  is  essential  if  one  is  able  to  extrapolate, 
as  wps  discussed  in-  this  meeting. 


TRA  IS  IS  a  00  A  LS  ' 

I  have  some  reservations  about  the  hypothesis  presented  by  Drs.  Silver 
and  Hiagin  that,  to  teach  ;i  child  to  read,  one  should  addri^w  oneself  to 
the  underlying  deficit  in  perception.  There  is  a  question  of  whether  to 
teach  io  the  deficit  or  around  the  deficit.  Tlie  primary  task  required  of 
the  child  is  the  recognition  of  a  letter  or  word  and  its  association  with  a 
sound  pT  meaning.  '  ^ 

The  'tcajiing  of  perceptual  skill  is  not  an  end  in  itself;  we  are  not  in- 
terested in  training  the  child  simply  to  perform  well  on  the  Bender- 
viestalr  test.  The  goal  is  the  recognition  of  letters.  Why»  not  conduct 
perceptual  training  with  the  vWpbjects  or  patterns  that  must  ulti- 
^mately  be  learned?  For  some,  this  may  be  aidec  by  training  and  practice 
m  distinguishing  right  from  left.  For  others,  haptic  sensations  may  be 
useful  to  supplement  weak  or  confijsed  visual  skills.  For  others,  expla- 
nati^m,  description,  and  logical  analysis  of  letter  shapes  may  be  helpful 
For  sliM  others,  the  usf  of  j  name  or  sound  as  a  label  foi;  the  symbol 
mtiy  hi  helpful.  Earlier  at  this  meeting  (see  presentation  by  Hirsh,  p.  231), 
experimental  evidence  has  l*c-m  regorted  that  indicates  that  a  leticr  or 
Ingram  invested  with  a  name  is  more  readily  recalled  than  one  without  a 
name.    ,  .  .  ^ 

As  to  expcnmciiiai  evidence  of  the  value  of  perceptual  training,  I 
know  of  only  pne  aiicquately  controlled  study:  that  of  Rosen.''  He  in- 
vestigated early  readers  in  25  classrooms,  half  the  clilldren  were  givin 
a  half-hour  of  perceptual  training  each  day,  and  the  iUher  half  were 
given  a  half-hour  of  extra  rcadipginstructiofr^t  the  end  of  a  semester,*  - 
they  were  all  tested  for  perceptual  motor  skJHand  reading.  The  children 
who  had  received  the  extra  training  in  perceptual  iv^ytnt  skills  were  better 
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^in^pcrccpfual  motor  skflk.  the  children  who  had  received  the  extra  train- 
ing in  reading  were  better  inft\iding.  The  results  were  the  same  when  the 

^cTasSes  wexe  brokSi)  do\^n-into  three  equal  groups  of  good,  medium,  and 
poor  readers.  There  was,  h0^vever,  a  small  subgroup  of  50  very  handi- 
rapped^boys  in  whom  pertepfltal  motor  training  seemed  to  olTer  some 
advantiifee,  but  the  results  wffe  rto\  statistically  significant. 


IMPLICATIONS 

*'This  summary  of  some  of  th^  possible  neurologic,  perceptual,  and  * 
languagcitimc'tipn  dt'ficits  that  may  come  into  play  rn  dyslexia  leads  to 
an  important  thesis:  There  is  no  panacea  for  dyslexia,  and  vve  are  dealing 
with  a  wide  divji^fsit^^af  problems  and  ce'rttiinly  with  a  high  degree  of 
individualiz^atitmr  Irt  additiqn,  the  importance  of  early  experience  in  the 

^^development  of-irtjellectual  abjlities  must  be  emphasis^ed.  It  is  still  un- 
clear in  .which  of  tHese  children  the  disability,  has  an  organic  or  structural 

>  basis,  and  in^^hich  an  environmental  or  experiential  factor  is  responsible. 
The  types  of  perceptual  motor  disability  t^jat  Drs,  Silver  and  Hagin  de- 
llncd  ar<h(eportedly  mpfe  commonjn  the  underprivileged  segments  of 
our  sociqy  lhanulmong  other  groups.  Is  that  because  these  children  are 
more  likely  to  be  organically  damaged?  Is  it  because  of  unfavorable 
social  and  environmental 'experiences?  Or  is'it  because  of  a  combination 
of  the  twol  Greater  at4'&nt^i|6n  must  be  paid  to  the  sjJecific'clevelopmental 
experiences  related  to Jhe^  establishment  of  perceptual  skills  and  to  the 
language  abilities  that  are  essential  in  learning  to  read.. 
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Relationship  of  Research  to  Health 
and  Educational  Services 


Research  in  the  basic  sciences  has  a  long  history  of  direct  influence  on 
developments  in  both  health  care  and  education.  Recent  decades  have 
brought  a  tremendous  upturn  in  basic  scientific  investigation,  much  of  * 
which  has  focused  on  new  areas  with  high  relevance  to  the  learning  pro- 
cess. Scientific  discoveries  of  the  last  century  have  influenced  these 
areas,  as  well  as  society  itself,  in  two  general  ways.  First,  a  number  of 
basic  scientific  discoveries  of  elemental  significance  have  produced  pro- 
found changes  in  scientific  viewpoints.  Second,  and  more  frequently, 
science  has  been  called  on  to  provide  the  answers  to  specific  practical 
questions  raised  by  tljie  institutions  of  society.  In  this  latter  manner,  *. . 
both  the  health  and  the  educational  service  systems  have  grown  to  rely 
increasingly  on  basic  scientific  research  to  solve  some  pressing  problems. 

PEDIATRIC  PROGRESS 

For  a  variety  of  reasons,  the  scientific  bases  of  educational  practice  and 
medical  practice  have  ren\ained  divorced  from  each  othe;^  Medicine,  over 
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at  least  the  last  half-century,  has  relied  increasingly  on  physiologic,, 
chemical,  and  pharmacologic  research.  Draiflatic  changes  in  health  care 
h<jve  resultcdjrom  research  discoveries  and  technical  developments  in 
both  diagnosis  and  therapeutics.  These  have  led  to  the  solution  of  many 
of  the  most  pressing  problems  tha$  faced  medic/ine  fifty  years  ago.  Over 
the  same  period,  however,  a  broader  concept  of  health, care  as  a  com- 
munity responsibility  has  become  widely  accepted.  Particularly  in  the 
area  of  child  health  care,  an  entirely  new  set  of  responsibilities  has 
emerged  because  of  the  solution  of  such  massive  child*health  problems 
as  infectious  and  dianheal  diseases.  The  responsibilities  cf  the  primary 
physiician  caring  for  children  and  the  health-services  tearrf  collaborating 
with  him  are  .increasingly  focused  on  guidance  and  itiodification  of  early 
developmental  processes  within  physical,  psychologic,  and  social  spheres  * 
during  infancy  and  early  childhood.  Much, observational  information  on 
dievelopjnental  processes,  particularly  during  infancy,  has  accumulated 
over  the  last  several  decades  within  a  pediatric  context,  but  there  has  re- 
mained consiiderable  isolation  between  the  application  of  this  information 
and  the  application  of  infcy;mation  from  simultaneous  research  in  other 
areas  of  the  behavioral  sciences.  * 


PEDA  GOGIC  PROGRESS 

^  The 'field  of  education  has  made  decisions  based  on  the  results  of  in- 

vestigations in  different  areas  of  research.  Education  has,  of  course,  been 
•    ^  strikingly  influenced  by  basic  biologic  discoveries,  but  in  large  part  the 
investigational  procedures  in  education  have  involved.empiric  problem- 
solving  studies  and,often  group  evaluations.  There  is  now  increasing'in- 
terest  in  the  educational  processes  of  individual  children  and,  in  particu^ 
lar,  in  relationships  between  behavioral  patterns  noted  in  the  educational 
,settiijg  and  descriptions  arising  from  neurophysiologic  and  neuroana- 
tomic  research.  The  perspective  of  educational  responsibility,  heretofore 
limited  to  the  traditional  school  years,  is  also  undergoing  considerable 
reappraisal.  As  educators  become  increasingly  concerned  with  the  pr'ac- 
ticalimportance  ofearly  e::perience  and  as  they  participate  in  such  pro- 
grams as  Head  Start  and  special  nursery  schools,  the  health  and  educa- 
tional services  involved  form-an  inescapable  relationship.  Research  within 
both  broad  areas  is  beginning  to  overlap  enough  that  complementary,  if 
not  collaborative,  services  appear  to  be  increasingly  possible. 
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FUSION  OF  BIOLOGY  AND  BE  HA  VJOR 

One  manner  of  categorizing  research  areas  called  on  to  elucidate  the 
learning  processes  of  early  childhood  might  be  to  divide  them  into  broad 
biologic-  and  behavioral-science  groups,  recognizing,  of  course,  the  es-^ 
sential  overlapping  in  application  to  individual  children  or  populations. 
The  biologic  approaches  have  included  neur.ostructural,  neurophysio- 
iogic'and  neurochemical  research.  Those  behavioral  sciences  which  have 
provided  the  greatest  progress  in  medical  aitd  educational-thought  have 
included  psychodynamics,  perception,  cognition,  and  learning  theory. 
It  is  well  to  recognize  that  behavior  is  the  measured  endpoint  or  corre- 
late of  most  of  these  scientific  studies,  regardless  of  their  theoretical 
basis;  but  the  behavior  described  in  most  studies  of  child  development 
has  occurred  in  ♦the  natural  environment,  rather  than  in  the  controlled' 
experimental  setting.^hild  development  has  long  been  associated  with 
Either  the  biologic  or  the  psychodyhamic  approach  because  of  their  com- 
mon connection  with  medicine.  A  better  app  )ach  to  developmental 
studies  as  a  mode  of  testing  any  scientific  hypothesis  across  time  resides 
in  the  rapidly  growing  young  organism. 

MACNITUDE  OF  HEALTH  CARE  DELIVERY  PROBLEM 

The  current  commitment  to  providing  the  best  possible  health  care  and 
educational  opportunity  to  the  entire  child  population  carries  with  it  an 

'obligation  to  quantitate  the  problem,  as  well  as  to  appraise  the^ystem 
by  which  the  services  are  delivered.  "Dyslexia"Js  a  descriptive  term  with 
different  definitions,  all'of  which  indicate  handicaps  in  learning  to  read. 
Dyslexia  is  only  one  of  va'rious  learning  aberrations  that  impede  class-  ' 
room  success,  rf  dyslexia  infiplies  reading  skills  2  years  behind  grade  level, 
an  estimated  lS%.of  children  are  dyslexic.^  Even  on  the  basis  of  a  neuro- 
logic definition,  such  as  that  by  Critchley,*  who  considers  dyslexia  a 
"very  real,  organic  problem"  representing  a  "specialized  instance  of  cere- 
bral immaturity,"  a  prevalence  of  10%  is  likely.  The  inclusion  of  other 
categories  of  learning  disorders,  of  course,  makes  the  number  of  children 
involved  muc|i  higher.  It  is  clear  that  the  appropriate  management  of 

.  learning  disorders  of  such  prevalence  must  fall  in  large  part  to  both  pri- 

•mary  ^ealth-care  facilities  and  what  we  might  consider  the  primary^edu-  . 

*  cator,  the  classroom  tfeacher. 
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Sharing  of  Influence  '  ' 

If  we  assume  that  a  child's  learning  depends  on  environmental  variables 
(and  available  evidence  leaves  little  doubt  of  that),  the  primary  influ- 
ences on  a  child's  educational  success  are  his  parents  and  later  his  class- 
room teacher.  It  is  unreasonable  to  plan  effective  modification  of  en-  ^ 
vironmentaf  stimuli  for  a  proportion  of  the  population  as*high  as,  say, - 
20%  without  developing  the  requisite  manpower  resources.  Traditionally, 
•     parents  and  teaChers  have  created  learning  conditions  fbr  children  rela-  • 
tiyely  independently.  A  parent's  decisions  concerning  the  presentation  of 
stimuli  depend  on  cultural  norms,  intuition,  and  guidance  (particularly 
in  the  years  of  infancy)  from  health-services  personnel,  A  teacher's  de- 
cisions depend,  in  addition,  on  professional  training  and  the  professional 
expectations  of  the  school  itself.  A  supplementary  diagnostic  staff  in  the 
school  frequently  operates  less  to  modify  the  classroom  teacher's  de- 
cisions than  to  make  independent  administrative  decisions  regarding 
class  placement. 
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Transmission  of  Information 

Since  a  highlyjelevant  portion  of  a  child's  exposure  to  learning  condi- 
tions is  under  the  control  of  the  parents,  it  is  worth  exploring  points  of 
contact  through  which  information  can  be  transmitted  to  them.  General 
information  can  be  transmitted,  of  course,  through  the  psual  communi- 
cation media  of  the  culture,  including  the  parents'  formal  education;  but 
specific  guidance  concerning  any  single  child,  particularly  one  in  whom 
a  learning  problem  is  evident  during  the  preschool  years,  has  generally 
fallen  to  a  member  of  the  primary  health-services  system.  Within  both 
pediatrics  and  nursing,  the  tw^  professional  groups  dclivenng  primary 
health  services  to  the  majority  of  American  children,  ^^icipatory  guid- 
ance and  behavioral  counseling  are  common  and  v/ell-accepted  practices 
that  are  inclu(Jed  with  the  provision  of  adequate  comprehensive  health 
care.  The  contact  points  for  the  acquisition  and  transmission  of  relevant 
information  concerning  the  learning  needs  of  the  individual  child  exist, 
therefore,  within  the  primary  health-services  system,  and  the  personnel 
in  that  system  are  committed  to  the  principle  of  appropriate  guidarice  of 
parents.  What  is  lacking  is  an  informational  system  that  might  provide 
the  communicative  interface  between  parent,  teacher,  and  primary 
health-service  personnel.  It  would  appear,  then,  that  primary  health- 


475 


Relationship  of  Research  to  Health  and  Educational  Services 


5crvice;i^ersonncK  the  classroom  teacher,  and  the  mother  are  in  the  best 
positions  to  apply  most  effectively  the  results  of  basic  behavioral-science 
research.  These  are  the  only  persons  in  the  societal  system  who  have  suf- 
ficient contact  with  children  to  modify  significantly  the  environmental 
conditions  under  which  children  learn. 


A  PPL  YING  i  IW  KNOWLEDGE  TO  DIAGNOSIS 

If  oar  intention  is  to  provide  health  and  educational  services  to  all  chil; 
dren,  we  must  reconsider  the  very  nature  of  our  diagnostic  and  manage- 
ment procedures  and  be  willing  to  modify'tKose  that  are  out  of  step 
with  scientific  evidence  or  our  stated  goals.  In'both  health  and  educa- 
tion, there  is  a  long  record  of  excluding  cbildxen  ffom  relevant  experi- 
ence and  services  on  the  grounds  of  developmental  delays  manifested  by 
failure  on  readiness  tests  or  other  measures  of  general  achievement.  In 
many  settings,  children  who  score  poorly  on  standard  intelligence  tests 
are  still  completely  excluded  from  educational  experiences  at'the  lower 
age  levels.  The  labels  applied  by  many  current  diagnostic  techniques  are 
frequently  used  to  separate  children  permanently  from  the  success-bound 
educational  stream.  Such  descriptions  as  "retarded,''  **brain-damaged,'' 
ahd  **(lyslexic"  tell  nothing  of  the  mode  by  which  a  child  might  succeed 
or  of  llie  conditions  under  which  success  will  be  most  likely.  In  addition, 
such  labels  are  remarkably  poor  in  communicating  causative  factors,  a 
traditional  (and  in  the  cgse  of  learning  disorders,  frequently  irrelevant) 
preoccupation  of  medicine.  Labels  serve  only  to  convince  the  primary 
physicians,  the  classroom  teacher,  the  parents,  and,  most  tragically,  the 
child  that  success  is  impossible  and  effort  of  doubtful  value. 

How,  then,  can  the  diagnostic  process  be  directed  so  that,  on  the  one 
hand,  it  serves  our  stated  goals  and,  on  the  other  hand,  it  utilizes  more 
adequately  the  evidence  revealed  by  the  behavioral  sciences?  First,  it 
must  be  closely  related  to  or  even  a  part  of  the  very  processes  that  it  sets 
out  to  detect.  Second,  it  must  take  into  account  the  critical  importance 
of  the  specific  environmental  conditions  that  influence  the  behavior  ob- 
served. Third,  it  must  recognize  the  dynamic  factors  at  play  in  the  diag- 
nostic learning  situation  that  may  have  more  general  applicability  to 
learning  at  home  or  in  school.  Educators  have  long  focused  their  interest    '  • 
on  diagnosis  of  relevant  functions,  but  until  recently  they  have  placed 
much  less  emphasis  on  the  conditions  of  testing  or  the  dynamics  of  be- 
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havioral  change  manifested  in  the  learning  process.  School  achievement 
has  been  successfully  predicted  from  measures  that  sample  behavior  that 
'  ^       correlates  highly  with  behavior  demanded  in  school.  Behavior  observed 
in  tfiis  way  is  closely  related  to  the  processes  of  primary  interest,  but,  as 
alluded  to  above,  it  tends  to  select  for  failure,  not  for  success. 

The  diagnostic  appraisal  of  conditions  under  which  a  sample  behavior 
is  noted  or  not  noted  has  a  much  higher  probability  of  offering  clues  to 
^     a  child's  future  success  in  learning.  The  basic  studies  in  perception,  ' 
whether  Ijiologic  or  behavioral,  offer  much  to  the  diagnostician  whose 
obligation  is  to  evaluate  the  significance  of  stimulus  variables  in  a  spe-  - 
cific  child.  Relevant  educational  material  may  be  presented  to  a  child 
throu;!h  a  variety  of  stimulus  modalities,  revealing  a  pattern  of  function 
that  indicates  not  only  at  which  point  in  an  educational  program  the 
child  might  be  expected  to  succeed,  but  also  through  which  channels  of 
stimulus  input  success  will  be  achieved  most  easily.  Evaluation  of  a . 
child's  perceptual  function  in  distinguishing  signal  from  noise  along' vari- 
ous input  channels  is  equally  relevant  in  that  both  stimulus, quality  and 
input  modality  can  be  easily  modified  in  the  classroom  or  home.  A  rela- 
tively brief  examination  of  a  child^  can  sample  skills  in  attending'b 
auditory,  visuaL  and  tactile  input  of  educationally  relevant  information 
and  can  appraise  the  interference  of  noise  in  the  system.  At  the  same 
time,  one  can  gauge,  in  a  standardized  fashion,  motor  competence  in  the 
performance  of  specific  school-required  functions,  such  as  speech  intel- 
ligibility, handwriting,  and  general  fine  motor  coordination. 
y  In  addition  to  appraisal  of  the  placement  in  a  teaching  program  ap- 

propriate for  a  child's  success,  the  diagnostician  observing  a  child's  be- 
havior has  an  excellent  opportunity  to  evaluate  dynamic  elements  of  the 
learning  process,  i.e.,  the  relationships  of  factors  through  time,  as  con- 
trasted with  the  static  description  of  stimuli  or  observed  behavior  at  a 
single  point  in  time.  Research  in  learning  has  done  much  to  elucidate  the 
relationship  between  rates  of  modification  of  behavioral  responses  and 
the  occurrence  of  some  consequences  of  modifications  in  the  environ- 
ment. It  is  highly  relevant  to  the  educational  process,  whether  in  the 
home  or  in  school,  to  be  aware  of  these  dynamics  in  a  particular  child. 
Thus,  if  learnii^g  tasks  can  be  incorporated  into  the  diagnostic  measure, 
it  is  possible  to  appraise  the  rate  of  learning  under  standardized  stimulus 
conditions.  The  social  consequences  of  a  child's  responses  are  also  suf- 
ficiently under  the  control  of  the  examiner  that  a  preliminary  appraisal 
of  what  maintains  his  responses  is  often  possible.  Other  dynamic  factors, 
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such  as  the  child's  ability  to  have  postponed  the  social  recognition  of  his 
accomplishments,  can  be  judged  in  a  similar  setting.  Siich  observations 
are  very  relevant  to  the  mother  and/tacher  with  whoni  the  child  inters  . „ 
acts:  these  interactions  form  the  basis  of  both  socialization  and  educa- 
tional processes. 

In  summary,  the  remediation  of  learning  disorders  requires  early  and 
relevant  diagnosis  of  deficit^n  the  processes pn  which  successful  learn- 
ing at  home  or  in  school  depehds.  The  number  of  children  involved  is  so 
great  that  effective  diagnostic  procedures  must  be  in  the  armamentarium 
of  primary  health-service  personnel  and  classroom  teachers.  The  develop- 
ment of  adequate  diagnostic  measures  derived  fromi)asie  knowledge  in 
perception,  cognition,  information-processing,  and  the  dynamics  of 
learning  offers  the  best  hope  for  collaborative  efforts  by  the  health-care 
and  educational  systems  in  the  early  childhood  years. 

This^  repint  was  supix)rled  by  grant  237  from  the  Children's  Bureau,  Department  of 
Heahh,  Education,  and  Weltarc. 
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Conference  Implicjations  for  Education  ' 


DR.  YOUNG:  The  valuc  of  this  conference  may  well  depend  on  how  suc- 
cessfully the  diverse  results  and  hypotheses  presented  here  are  trans- 
lated into  forms  applicable  to  children  who  must  learn  to  handle 
visual  input.  With  the  purpose  of  fostering  the  translation,  a  group 
of  conference  participants^vho      working  in  areas  that  directly  in- 
volve children  were  asked  to  sun-  marize  the  implications  of  the 
conference. 


DR.  ROBINSON:  For  morc  than  30  years,  1  have  been  concerned  with  the 
problem  of  research  in  reading,  the  practical  problem  of  diagnosis  and 
correction  of  reading  disability,  and  the  problem  of  trying  to  help 
teachers  understand  and  improve  their  pupils'  reading.  1  know  less 
today  about  the  process  of  reading  than  I  did  when  I  began.  I  think 
that  is  because  research  in  the  field  of  reading  is  in  its  infancy.  Some- 
times, the  research  designs  have  not  been  the  best.  We  began  with  what 
we  had  to  work  With~child  behavior-which  was  examined  in  the  early 
years  primarily  in  relation  to  reading  itself.  Many  of  the  studies  have 
been  comparative  studies  to  locate  areas  in  which  there  were  differ- 
ences between  good  and  poor  readers.  That  is  the  logical  beginning, 
1  believe,  because  it  can  give  us  leads  as  to  where  we  might  took  for 
a  deficit. 

We  have  been  handicapped^  in  most  instances,  because  we  have  had 
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to  jock  for  symploms  ol  dafkullicii^Uiat  distinguish  good  and  poor 
readers.  These  symptoms  ary  ukon%iiitcnt  from  ome  gr^iup  of  children 
to  ;<nolher  or  pne'observcr  lo  ani>lhcr.  As  u  ttsud,  we  have  had.  and 
still  have,  differences  m  interpi;rtulioo.uf  lh^^  resuits  oi  inconsistent 
studies.  What  we  have  rot  had,  I  thUik.  is  coasistcnl  study  of  the  basis 
of  symptoms.  This  conference  haii  supported  the  neeu  for  good  inter- 
disciplinary  restHircirin  which  those  with  the  most  knowledge  in  the  , 
related  disciplines  bring  their  Miowlcdfe  to  bear  to  help  us  explain  the 
symptoms  that  we  we. 

But  we  neefl  to  be  very  clear  about  these  symptoms.  The  symptoms 
that  have  been  clearly  delinealed  by  Dr.  Ingram.  Dr.  Silver,  and  many 
others  he  in  the  areas  of  vWvil  perception,  auditory  perception,  lan- 
guage, and  their  assfx'iatum  in  such  a  way  that  reading  can  taKe  place 
To  the  extent  that  we  can  work  with  the  investigators  who  are  probing 
behind  these  syinptoiiiSi  I  thirk  we  will  be'able  to  explain  whai  under- 
lies tlje  symptoms,  rather  than  merely  treating  them,  ; 

Furtherrtiore!  this  coitterence  has  given  me.  at  least,  some  imporiant 
notions  in  relation  to  techniques  of  investigathin.  The  process  of 
reading,  which  seems  very  simple  to  a  competent  adult  reader,  is  ex- 
ceedingly difficult  for  a  child  or  an  adult  who  cannot  read.  We  need 
techniques  to  investigate  the  structure  and  function  of  the  brain,  vi- 
sual and  auditory  input  systems,  language,  motivation  for-learning.  and  ' 
ways  in  wfwch  deficits  impede  learning.  All  the  physical,  psychologic, 
and  instructional  information  must  be  eollated. 

One  thing  we  need  to  keep  in  mind  is  that  the  little  knowledge  we 
have  now  can  lead  lo  improved  reading.  \  am  remiiideij  of  a  school  sys- 
tem that  1  served  as  a  consultant,  in  which  the  percentage  of  reading- 
disaUli'y  cases  wa!»  "-educed  over  a  S-year  period  from  some  20';  to  5'^ 
by  improving  instructional  techniques  in  the  classroom^i  We  need  to 
focus  our  attention  on  he  S7r.  I  am  fully  m.accord  with  the  new  aim 
of  1009f  success  in  leartJng  to  read.  1  hope  1  live  to  see  it  occur  1  am 
not  hopeful  that  it  will  happen  right  away,  however,  tssentially,  inter- 
disciplinary research  takes,  time  time  to  learn  to  communicate,  to  ctv 
ordinate  efforts,  and  tg  study  children  longitudinally; 

This  meeting  is  an  example  of  the  tremeiidous  effort  it  takes  lo 
absorb  the  detailed  knowledge,  the  voc^fary.  and  the  voncepts  of 
related  fields.  Whenever  we  aim  toward  research  of  this  kind,  wc  must 
have  patience  with  each  other,  wi?  must  explain,  we  must  aim  to  un- 
derstand how  we  complement  each  other  in  our  efibrts, 


I  suggest  th^t  our  deliberations  .after  this  conference  be  directed 
toward  further  interdisciphnary  research  to  determine  the  causes  of 
reading  disability.  If  ^e  van  dj?t^rmlnc  causes,  we  can  make  systematic 
diagnoses  and  desijgn  treatments  appropriate  to  different  causes  or  pat- 
'tems  of  causes.  UntH  we  do  that,  we  tre  likely  to  continue  to  rely  on 
clinical  intuition  in  diragnosing  and  elTminatingNsymptoms.  Moreover,  " 
scientific  studies  should  lead  to  pi;eventipn  of  reading  djsability  or  to . 
compensatory  education  from  the  begitining  of  schooling. 

I.  see  this  conference  as  a  beginnings  Everyone' here  should  make 
continued  contributio;is  to  rcsearc^efforts,  directly  or  indirectly  re- 
lated to  reading.  The  reading  researcher  needs  to  keep  abreast  of  the 
related  research,  to  work  closely  with  allied  disdplines,  and  to  a;tft(i{i4 
to  apply  ricw  insighfs.  Through  future  expepmentation,  a  systematic 
approach  to  prevention  and  treaUnent  of  leading  disability  should  be 
possible. 

DR.  MEIER.  The  great  problem  at  this  conference  is  what  I  like  to  refer 
to  as  the  ''paralysis  of  analysis,"  wherein  the  esoteric  characteristics 
of,  say,  dyslexia  become  relatively  well  delineated,  and  yet  the  felass- 
room  teacher  is  in  the  same  situation  today  as  she  was  in  yesterday- 
namely,  not  knowing  precisely  wj;iat  to  do  with  a  child  who  has  faUe<^ 
to  profit  from  her  reading  instruction.  <  .\ 

There  is  a  network  of  educational  laboratories  that  have  addressed^ t; 
themselves  to  such  chroni^  educational  problems.  We  have  tried  to  dcr 
termine,  first  of  all,  the  incidence  of  learning  disabilities-included 
among  thea^  would  be  dyslexia.  We  have  started  with  a  stratified  ran*; 
dom  sample  uf  about  2,400  children  from  eight  Rocky  Mountain     . : 
states,  and  the  incidence  of  dyslexia  on  the  basis  of  this  pilot  study  ii, 
as  Dr.  Richardson  suggested,  beU^een  15%  and  20%  of  the  regular 
school  population.  We  have  developed  a  classroom  screening  instru- 
ment that  identifies  about  80  observable  behavioral  symptoms,  which 
classroom  teachers  have  been  able  to  use  with  about  94%  accuracy  in 
identifying  children  who,  on  subsequent  diagnostic  work-:Up,  did 
demonstrate  some  specific  learning^disability..The  subsequent  diag- 
nostic work-up  involved  3  days  of  testing,j[ncluding  full  medical  and 
psychoeducational  examinations,  speech  and  hearjng  a^^cssnKiJts,  and 
so  forth*  We  now  are  ip  the  challenging  position  of  attempting  to  go 
beyond  the  paralysis  of  analysis  by  translating  the  very  significant 
work  that  the  basic  scientists  arc  doing  into  both  classroom  practices 
and  preschool  practices.  The  Pafent-Child  Centers  that  Df.  Richardson 
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mentioned,  the  Head  Start  movement,  and  xt\l{ic^mxX%  are  con* 
cemed  with  training  parents,  as  well  as  teachers,  to  cope  with  and  per- 
haps^ven  prevent  .readmg  difficulties. 

I  am  wondering  what  can  be  done  inj'erms  of  early  cognitive  stimu-  / 
lation  oT  cjjildren.  Are  there  practical  ways  of-proliferatirtg  dendritic, 
spihes?  Do  learimjaKIisabled  children  have  difficulties,  such  as  Di;. 
Lindsley  intimafed,  in  terms  of  selective  perception  of  the  stimuli  rn 
the  environment?  Do  children  have  ways  of  turning  their  receptors  off 
or  on?  If  they  are  turning  off  their  receptors,  are  they,  therefore,  not  * 
growing  cognitively?  All  these  questions  afe  of  interes^to  us  who  are 
concerned  with  optimal  child  growth  aij^development.  We  are  ex-  « 
perimenting  with  the  crib  as  a  learning  environment,  as  Dr.  Lipsitt 
suggested  th^t  it  is.  I  see  the  observations  reported  at  tWs  conference  • 
coming  together  in  a  complex  mosaic,  whic*h  I  thi^k  has  grerft  signifi- 
cance  for  the  child  who  is  failing  to  leartl  in  school. 

I  would  like  to  present  a  prelifninary  inference  that  we  are  able  to 
draw  from  our  data^  -and  this  is  a  glittering  generalization  namely, 
that  nonlearning  children  seem  to  have  the^reatest  amounl  of  diffi- 
culty in  reliably  sequencing  visual  data  in  spacaatid  auditory  data  in 
time.  Because  of  t>fe  finding,  wc  are  goinVto^'launch  our  major  efforts 
toward  classroom  tec'hniqu^ir^ha.t  will  6e  organized  in  a  fioy/chart  of 
approaches,  giving  the  teacher  a  systematic  repertoire -from  which  to 
draw,  to  apply  to  specific  children  whose  deficits  may  appear  on 
evaluative  protocols  spch  as  those  suggested  by  Dr.  Silver  (most  of 
which  we  have  used).' In  this  way,  the  teacher  can  monitor  the  growth 
of  the  child  in  response  to  a  given  educational  prescription  and  de- 
termine whether  the  child  can  profit  from  that  approach  or  whether 
trie  next  one  in  the  hierarchy  should  be  tried. 

I  know  this  takes  time  and  a  tremendous  amount  of  cooperation 
from  the  behavioral  scientists,  as  well  as  the  educational  scientists  (if 
\  may  call  them  th^t).  I  am  terribly  excited  about  the  discoveries  that 
the  basio  biobehavioral  scientists  are  evidently  making. 

Ont*last  thing  1  would  like  to  ask  is:  What  are  the  optimal  levels  of 
sensory  stimiilation  for  infants  and  children?  I  think  that  Dr.  I^iesen 
Yather  hastily  glossed  over  the  notion  that  there  may  be  ovcrstmiula^ 
tion.  We  have  a  j^ocial  issue,  here,  with  regard  to  parents  and  teaphers^^ 
.  whamay  indiscriminately  impose  stimuli  on  the  organism  and,  in  fact, 
do  damage.  I  gather  from  the  informed  people  here  that,  this  is'^j^nother 
,  area  requifing  considerable  investigation.  .  ^ 


DR.;KECiGH  Jhis  Conference  has  demonstrated  again  that  there  are  many 
•  discrepancies  in  what  we  know  about  ba'sic  mechanisms  in  reading  and 
that  we  have  not  related  some  of  the  more  technical  information  per- 
taining tb  it. 

^  For  example,  we  have  hardly  begun  to  address  the  complexity  qf 
the  reading  task.-^hether  wt  are  talking  about  learning  disabilify, 
reading  disability,,or  successful  reading,  there^are,  I  h6pe,^some  com- 
mon elentcnts  or  dimensions  that  can  be  identified,  and  I  think  that* 
these  have  not  been  defined  very  clearJy  at  this  confccencc.  I  don't  see 
thfi  child  with  reading  disability  as  a  different  animgl.  He  is  a  youngster 
who  has  particular  kinds  of  problems  in  a  complex-task  situation,'4uit 
the^components  of  ihat  task  are  the  same  for,him  as  they  are'for  the 
youngster  who  is  gdj^d  in  reading.  Therefore,  1  suggest  that,  instead  of 
.  beginning  with  the  dis^ity  case  and  looking  at  the  many  correlates 
of  th  .t  disability  (which  are  qufte  unclear  and  ctouded),  itjnight  bc- 
hoo\e  us  to  address  ourselves  to  the  reading  process  and  attempt  to 
define  some  compouents  that  cut  across^ll  levels  of  reading  ability. 
There  ought  to  be  a  distribution  of  good  an*3  bad  (to  use  value  terms) 
in  any^;0Mhece  components;  perhaps  on  that  basjs,  we  could  define 
niiQxexajifully  the  proW^m  of  the\:hild  who  has  difficulties' in  reading. 
^Most  o^us,  first,  are  concerned\itlj  identification  of  an  assumed, 
j^rocess  and,  second,  make  the  assunfption  that  the  process  has  some- 
thing to  do  with  re^ading.  I  was  interested  in  Dr.  Silver's  result?,  for 
example,  with  perceptual* training.  I  want  to  support  the  position  that 
perhaps  the  50  hr  that  were  .involved  might,  have  been  bettep  spent  in 
training  in^  more  directly  related  perceptual  task  that  \^  reading--  . 
rather  than\^trying  to.train  an  underlying  process  that  ^s  presumed  . 
tb  have  some^ffect  on  the  reading  task.  •  / 

The  child  who  has  problems  in  lealTi^g  to  retd^often  has  associ- 
ated, measui;^ble  visual-'motor  delays.  My  question  i.s:  Did  the  visual- 
motor  delay  cause  the  reading  disorder,  or  did'the  failure  to  learn  to , 
read  cause  the  visual-motor  delay?  That  is,  does  the  actual  process  of 
learning  to  read  help  a  child  to  organize  his  own  perceptual  functions- 
horizontal,  left-right,  recognition  of  spatiotemporal  associations,  and 
so  forth?  That  q^uestion  has  not  been  answered  very  carefully  in  the  • 
literature.  What  is  the  effect  of  learning  to  read  on  other  aspects  of 
perceptual  organization? 

That  is  the  kind  pf  question  thuH  WQuld  hope  a  conference  like 
this  could  get  to:  to  attempt  to  define  the  component  processes  of 
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reading,  and  then  try  to  relate  them  to  disability  and  success.^Irtas- 
much  as  there  are^uccessful  readers,  I  cannot  bdieve-that  the  pro- 
cesses ithat  they  use  arc  very  dif frfrtjnt  from  those^used  by  the  child  / 
with  reading  disability.  The  problem,  thfen,  is  to  define.them  critically^ ^  . 
and  to  see  how  they  interact  in  achievers  and  nonachievers  in  reading, 
•I  wouldjike  to  comment  on  Dr.  Hochberg's  presentation,  because 
I  was  interested  in  t|;ie  use  of  paralinguistics.  He  pointed  out  that  the  , 
youngster  responds  to  inflection,  gesture,  and  many  other  things  in 
the  auditory  communication  system.  Yet,  when  \ve  present  a  young-  "  * 
ster  with  a  reading  task;  we  take  away  all  those  clues  and  present  him 
with  a  page  wjth  owly  printed  symbdls-on  it;  we  remove  gesture  in- 

•  flection,  and  interpretation,  so  thaVhe  must  now  depend  on  visual 
perception  alone,  without  all  the  other ,thjngs  that  go  ajqnjg  witli'oral 
communication  Thus,  we  are  presenting  him  with  a  different  kiflci 

VgEUj^k.  '  c  •      '  ' 

DR.  INGRAM;  1  founjd  many  of  the  cgnference  papers  difficult  to  under-  ^  . 
stand.  They  we^^  something  of  a  challenge  becaihe  of  my  lack  of 
knowledge  of  experimental  work  in  physiology,  a  great  deal  of  which,^ 
ef  course,  has  gone  on  in  this  country  in  somaih^centers  rhatjt  is  al- 
most impossible  to  keep  up  witji  the  relevanHflerature.  1  think  that 
the'conference  has  considerable  value  for  a  m^re  plinician  in  indicating  ' 
what  advances  are  taking  place.  v       *  *  ^ 

♦  Like  the  other  speakers,  I  am  very  worried  about  the  implications 
of  tljie  findings  of  mass  surveys.  If  20%  or  thereabout  of  children  are 
unsuccessful  to.some  de^ee  in  reading,  as  Eisenberg  and  many  others^  , 
have  shown  in  this  country  and  as  has  been  shown^in  Great  Britain, 
then  thB  is  a  tremendous  criticism,  not  of  the  children,  but  of  our 
educational  systems.  Moreover,  consider  the  figures  from  dif(prenjt 
types  of  schools.  Eisenberg^  found  that  1%  of  the  children  wera'noji 
doing  well  by  a  year  and  none  by  ^^ars  in  his  independent,, expen- 
sive schools,  whereas  a  very  high  prdbortion]|tj'ere  doing  better  tba,o 
expepted.  This  may  very  ^^f^TTbe  duenn  part'to  sdeial  selection,  but 

one  cannot  help  wondering  to  wfiat  ex^^nt  it  depends  on  the  size  of 
the /lasses,  the  training  of  teachers,  the  early  recognition  of  handicaps, 
•and  so  on,  when  one  contfijkes  what  occurs  in  less  tavored  schools. 

iTt  Glasgow,  there  are  .still  aoMM-ctrildgen  receiving  part-time  edu- 
cation- such  is  the  pressure  on  primary-'^chool  teachers.  1  know  of 
several  classes  in  which,  after  2  years,  the  teachers  do  not  even  Jcnow 
the  students'  names.  A  similar  situation^has  been  described  by  dazden 


in  this,country.  We  have  tended  to  concentrate,  probabl/rightly,  on 
the  difficulties  of  indivicluals;  only  recehtly  have  we  begun  to  consider 

.  the  environmental  difficulties  to  which  they  are  exposed. 

Perhaps  we  are^oyerestimaling  the  problem  at  fhe  higher  sociolbgic' 

.  level  of  the  relatively  smaU  numbers  of  children  that  come  to  cUnicianSt 
and  overlooking  the  larger  problem  among  disadvantaged  children. 
About  250  or  ^00  children  are  referred  to  me  each  year  becausi  of 
educational  problems.  About  one  third  of  these,  probably,  I  would 
classify  as  dyslexic  or  as  having^pecifiq  spelling  or  reading  problems. 
A  great  many* oC the  others  are*  children  of  middleH^lass  parents  w{k>  - 
want  a  "respectable"  diagnosis  of  dyslexia,  rather  than  an  "unrespect- 
able"  dia^osis  of  mental  retardation.  I  am  tryihg  to  put  things  into 
focus  and  emphasize  that  we  have  been  taYking  about  a  small  minority 
qf  children.  *  ^       ^  *  ^  ^ 

We  have  a  very  interesting  control  group,  a  natural  one  in  Edin- 
burgh. A  high  percentage  of  children  go  to  fee-paying  middle-class 
schools,  rather  thatn  state  schools.  These  schools,  By  and  large,  al- 
though they  have  many  male  teachers  in  the  prirttajy  grades,  do  not, 
havt  any  remedial-teaching  system.  In  contrast,  the  state  schools  in 
l^dinburgh  have  a  highly  developed  remedial-teaching  system,  and  . 
about  8%  of  the  children  a'tteiW  thcm  at  one  ti^e  or  another.  Of  the 
children  who  are  referred  to  me  because  of  possible  learning  difficul- 
ties, about  80%  come  from  the  ihiddle-cfaSs  fee-payirtg  schools.  That 
is  partly  because  of  parental  drive,  ambition,  and  anxiety  about  the  x 
educational  attainments  of  their  cfffspftng,  but  Lam  sure^  that  it  is  also 
due  in  part  to' the  fact  that  remedial-teaching  at  an  early  stajse  in  the  . 
state  sct)ools  is  preventing  a  great  deal  of  later  disability.  In  fact,  it  is 
preventing  the  failur^  that  results  from  failure. 

I  would\ery  muQh  like  to  be  at  another  conYerence  where  the 
clinicians,  the  experiWitalists,  the  bttfjn  scientists,  and'the  ophthal- 
mologists would  be  much  more  silent  aVid  let  the  talking  be  done  by 
the  teachers,  those  who  organize  education,  and  possibly  some  of  the 
politicianjS  Who  are  so  keen  on  education  on  election  day  and  so 
neglectful  between 'elections.       #  .  ' 

We  have  to  ask  to  what  extent  poor  reading  is^nvirpnmen tally 
determineS^.  If  a  child  gets  off  to  a  bad  start,  if  he^Jegins  to  fail,  then 
there  is  likely.to  be  failure  upon  failure,  and  tWyicious  spiral  with* 
wl)ich  we  are  all  familiar.  The  child  ifails,  and  he  is  therefore  given^^ 
extra  training  (probably  of  the  wrortg  type)  and  becomes  progressively 
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aojyous;  and,. of  course,  in  a  state  of  anxiety,  no  one  will  achieve  as 
well  as  he  can.  Children  are  referred  to  child-guidance  clinics  at  the 
age  of  10  who  could  prpbaT^ly  have  beefl  spared  this  had  they  received 
just  a  little  more  consideration  at  the  age  of  5  or  6. 

I  am  extremely  concerned  about  the  training  of  children  in  their  ^ 
area?  ofdeficit.  It  is  rather  like  the'situatioji  in  cerebral  palsy,  when 
ohe  ties  the  good  hand  of  a  child  with  hemiplegia  to  ensure  the  use  of 
his'bad  hand.  Particularly IWBnsation  is  lost  in  the  bad  hanji,  the  child 
Js  more  paralyzed' than  he  was  before.  He  becomes  more,  afr,aid  and 
'disturbed,  in  addition, to  being  basically  handicapped,  f  here  is  a  ten- 
dency, in  cerebral  palsy ^TTtlie^luId  doe3~nor  respofid  td  physio- 
therapy,  to  give  more  physiotherapy,  instead  of  asking  whether  the' 
physiotherapy  is  j(ppy€^at^I  am  afraid  a  great  deal  of  remedial  - 
teaching  today  is  based  on  a  similar  fillacy:  When  remedial  teaching 
of  a  specific  type  does  not  appear  to  benefit  these  chiljlren,  give  more 
remedial  teaching,  rather  than  asking  the  rather^imple  question:  "Is 
the  basis  for  remedial  teacliing  at)propriate?" 

DR.  SHANKWEiLER:  I  was  struck  by  one  characteristic  of  the  visual  sys- 
tem that  was  stressed  by  Dr.  Sperling  and  Dr.  Hochtjerg?  its  cat)acity 
for  parallel  processing.  The  eye  can  take  in  an  enormous  amount  of 
information  in  only  a  ^iny  fraction  of  a  second.  If  the  eye  is  such  an 
*  efficient  channel,  why  is  reading  difficult  for  so  many  people?  I  think 
that  Dr.  Sperling  has  provided  us  with  a  valuable  clue.  The  information 
taken  in,  in  a  single  fixation,  is  useful  to  us  for  only  a  brief  period,  and 
the  proportion  of  this  information  that  can  be  used  by  the  perceiver 
depends  to  a  great  extent-on  how  quickly  he  can  encode  the  informa- 
tion. Language  is  undoubtedly  the  most  available  and  most  ubiquitous 

[  code  ih  human  perception,  and  we  have  been  shown  how  readily  and 
how  automatically  o,bservers  encode. visually  perceived. letter  jhapes, 
not  into  visual  fOrms,  but  as  speech.(as  letter  names). 
^  Being  able  to  encode  optical  shapes  as  Ic^iguage  requires  knowledge 
bf  the  rulei  that  felate  shape  to  sounds.  Dr.  Chalf  told  us  that  some  ^ 
children  need  more  explicit  drill  in  these  things  than  otfcers  in  order  to 
'  learn  how  to  read,  and  I  heartify  second  what  Dr.  Keogh  and  Dr. 
Robinson  have  said:  We  need  tQ  see  a  great  deal  more  work  done  on 
the  reading  prpcess  and  its  development  in  normal  children.  The  great 
bulk  of  research  on  reading  has  left  many  questions  unanswered. 
*  For  example,  we  know  that  tha  rules  that  relate  alphabetic  symbols 

-   to  language  are  more  complex  in  y.^me  languages  than*they  are  in 
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oth^.  In  some  languages,  such  as  Italian,  the  sounds  of  speechjtiie 
phonemes)  map  rather  simply  onto  the  alphabet.  In  othW  languages, 
such  as  English^  this  mapping  is  much  moire  complex,  anil  one  must 
take  into  account  levels  of  language  other  than  the  sound  structure  in 
order  to  generate  the  spelling  rules.  It  ought  to  follow,  tlien,  that 
fewer  reading  disabilities  should  occur  am()hg  Italian  chilprcn  than 
among  English-speaking  children.  That  constitutes  a  straightforward 
question,  but  I  do  not  think  we  have  the  answer  to  it.    '     *  * 

There  is,general  agreement  that  many  children  do  not  read  as  well 
as  they  should,  but  I  do  not  think  we  have  made  much  progress  in^ 
.discovering  wUy.  If  we  reaflly  want  to  find  out,  we  have  to  ask  some 
specific  questions  about  the  characteristics  of  language  and  perception 
in  children  who  can  and  cannot  read.  We  all  agree,  I  suppose,  that  a 
requirement  for  learning  to  r^ad  is  rapid  and  accurate  identification  of 
the  letter  shapes.  How  many  children  who  cannot  read  fiail  at  this 
level?  That  is  another  straightforward  question,  but,  ag^m,  I  think 
that  we  do  not  know  the  answer.  For  chil[dren  who  caiy  pass  this  test, 
we  can  then  inquire  whether  they  have  lelimed  the  rul^fes  that  relate 
letter  sh2tpes  to  sounds.  That  is  a  large  tasK.  It  requires  a  detailed  ex- 
amination of  (he  kinds  of  errors  that  children  make  in  reading  and  an 
attempt  to  relate  thenrto  aspects  of  the  acquisition  of  spoken  lan- 
guage. Dr.  Ingram's  work  sljows  that  ^iJ  will  surely  find:thcse  relation- 
ships, but  ive  know  almost  nothing  about  tiiern  lks*yet.  Some  of  us  at 
'    Haskins  Laboratories  and  the  University  of  Connecticut  find  this 
'problem  challenging. 

The  point  I  want  to  make  is  that  there  are^a  number  of  important 
questions  about  learning  to  read  that  could  |)e  answered  buUthat 
usually  have  not  been  asked  in  research  on  trading  and  readmg  dis- 
ability. The  answers  would  provide  the  skeljeton  of  a  classification 
system  that  would  permit  the  sorting  of  chijldren  who  cannot  read 
into  scientifically  useful  categories.  As  longjas  we  lack  an  empirically 
based  system  pf  classification,  no  rational  approach  to  treatment  is 
possible. 

DR.  ROBINSON;  I  think  we  have  to  know,  as  E>r.  Kiwgh  has  pointed^out,  ^ 
whether  a  deficit. must  be  corrected  to-somi  degree  to  promote  ade- 
quate reading.  1  am  cqncerned,  for  example,  about  those  who  ap- 
proach the  teaching  of  reading  from  an  auditory  point  of  view,  as 
though  it  were  never  necessary  for  the  child  to  perceive  visually.  It" 
seems  strange  that  we  can  talk  about  teachingi)y  using 4itrengths  and 
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neglecting  deficits,  if  those  deficits  involve  absolutely  essential  parts 
of  the  totality  of  learning.  1  want  to  comment  on  this  primarily  so 
that  none  of  us  Will  leave  this  conference  believing  that  he  can  capi- 
talize on  the  strengths  and  neglect  essential  deficits.  For  example, 

•  visual  perception  is  essential  ^ecause  reading'  is  a  visual  task.  How  to 
4tagnose  it  and  how  to  correct  it  are  the  major  problems,  and  not 
whether  h  is  necessary,  ^\x\fi  you  agree.  Dr.  Ingram? 

dr^inghamI  I  agree  entirely  with  th^it.  Obviously,  some  basic  skjlls  are 
necessary.  But  if  a  child  fajls,  for^exarrtple,  in  recognizing  word  shapes, 
then  I  would  not^pend  my  time  teaching  him  by  "look  and  say/'  - »  . 
1  think  I  would  cncourajge  him  to  use  the  phonic  apprt)ach,  but  I  jigree 
that  he  must  first  reach  the  sta^e  of  learning  where  he  is  able  to  read 
letters.      ^    / 

DR,  ROBINSON.  Ovcr  and  over  again,  the  question  has  been  raised  about 
more  boys  than  girls  hliving  reading  disabiUlies,  and  we  find  this  con- 

•  sistently.  A  .study  that  I  don't  believe  has  been.merftioned,  but. is  of 
"interest,  was»done  by  Ralph  Preston^  witlfa  colleague  in  G^jrmany.  It 
began  as  a  comparative  study  of  the  achievewient  of  German  and 
American  children,  but  one  of  the  surprising  fiiidings  was  that  in 
G^tmany  more  girls  than  boys^had  difffcuUy  in  reading.  This  leaves 
us  with  a  (lUestion  of  considerable  interest  tp  explain.    ,  ^  • 

i5r.  INGRAM:  In  a  classic  study,  Hallgren^  found  that  many  rnore  boys 
than  girls  Were  ff  ferred  to  reading  clinics,  but  that  the  incidence  in 
boys  and  girls^of  what  he  called  "specific  dyslexia,"  which  he  defjned 
in  his  own  terms,  was  approximately  similar.  I  was  remtfuteU  of  this 
during  Dr^  Kagan's  presentatioif,  when  he  mentioned  the  differences 
in  behavjor  in  boys  and  girls.  This  is  the  sort  of  difftrence  that  lead.s 
immediately  t^  a^esearch  project.  In  particular,  Halfg'-en  found,  when 
he  studied  th«i  fanvilies  of  the  childrea  referred  to  him,  that  the  giris 
were  also  affq^tqd,  buf  not  so  severely.  Therefore,  we  are  left  with  the 
simple  question:  "Wjjat  is  it  that  makes  Jboys  more  dyslexic  and  nuikes 
them  have  more  difficdlties  than  giris?'*  .Obviously,  we  are.dcaling 
with  a  mulfifactgr^al  situation.  1  have  mentioned  environmental  fac- 
tors  already.  Here  is  an  intrinsic  factor,  and  ther«  must  be  hundreds 
of  other  factors  in^arly  upbringing  that  we  do  not  know  about  but 
thit  determine  whether^a  child  will  buffer  from  significant-reading^ 
difficulty* 

^  DR.  MEIER:  Dr^  Kagan»  I,  and  others  have  touched  on  the  male-teacher 
and  male-classroom  possibilities,  Qur  experiments  with  kindergarten 
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^^well  as  the  atl-femalc  and  better  thuin  the  mixe4  groups  in  reading 
iCnievenient.  I  wonder  whether  Dr.  Robinson  was  getting  at  this  when 


ai^d  first-grade  children  in  Greeley  indicate  that  the  ;^ll*male  groups  do 

asl' 
ac 

sh^  said  that  in  Germany  the  sex  ratio  <>(  reading  problems  was  re* 
veiised,  because  they  use  male  teachers  for  young  children  more  than 

wejdo,    ~~ 

I^rances  McGlannan^  is  doing  a  study  dealing  with  genetic  anoma- 
lies p  poor  readers..  She  believes  that  her  evidence  indicates  that  there 
is  a  nii^er  incidence  of  sexHinked  genetically  determined  probtems 
with  poor  readers,  ^e  are  doing  a  gross  chromt>so^at  analysis,  the 
buc(ial  smear  test,  to  see  whether  there  are  any  inoieations  of  sex- 
linke^d  anomalies  m  children  with  leatning  disabilities.  If  there  ^re,  we 
plan  to  do  a  total  chromosomal  analysis  on  the  child.  1  submit  that 
this  problem  is  susceptible  to  research.  The  answers  are  elusive  and 
compjlex. 

Dr^  Sperry  has  indicated  that  boys  seem  to  have  less-stable  spatial,^ 
predi(^tability,  in  terms  of  organisation  mediated.by  Ihe  right  hemi- 
sphere, lhan  do  girls.  Dr.  Kagan, suggests  that  the  boys  merely  behaved 
differently  and  therefore  responded  differeiltly.  1  wpuld  suggest  that 
there  i^  some  interaction  between  the  brain  and  the  behavior,  if  you 
will,  at^d  a  corresponding  intera^^tion  between  those  and  the  teacher 
in  the  dlassroom. 
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Dftf  ROBINSON  An  tnleriulional  study  on  achtcv^nKni  in  malhematics  already 
been  published,  (t)us^,  T,.  bd.  Inienuiuonat  Sipdy  of  Achievemeni  m  Maihc 
maiics.  a  Comparison  in  1 2  Countries  2  vol       York  John  Wiley  &'Sods, 
1967. 304  and  J&8  pp!)  I  was  reminded  of  it  When  the  question  of  dyslexia  in 
'  Japan  carrte  up,  because  it  was  found  that  arnhpielic  and  mathematical  achieve 
mcnt  of  Japanese  children  at  various  age  levels  iva  ahead  of  that  m  any  of  fhe 
other  countries  studied  Having  completed  that  study,  the  intemation^  gcoup  is 
now  a^ssing  achievement  at  different  age  levJis  m  vaiious  other  content  areas 

,  and  in  reading'  The  committee  is  developing  an  achievement  test  that  will  be  as 

'  fair  as  possible  in  reading  and  in  wnting/oi  cmldren  in  various  countries  I  thmk 
we  need  to  look  to  that  (it  :s  already  m  progress)  to  make  some  compansons 
between  the  kinds  of  achievements  and  disabilities  that  aie  found  in  countiies 
^ith  various  Unguage  chacacteristics. « 

drI  Df^^NEN  BERO  1  came  to  this  conference  Uith  the  belief  thjt  dyslexia  was  a 
specific  human  syndiome.  Thai  is  definitely.^^iong.  First,  thcie  arc  many  correl- 
ative events,  visuomotpr  coordination,  spatia  disturbances,  perceptual  pioblcms. 
afid  pattern-tecognition  problems,  and  also  tl  ere  happen  to  be  reading  difficulties 
the  cultuie  in  which  we  live  is  such  tlvtt  we  I  ave  focused  on  reading  difficulties 
But  we  have  made  them  central  rather  than  n  crcly  coirelativc  What  impresses  me 
IS  that  all  the  problems  except  reading  occur  n  highei  mammals,  I  thcrefuic  sub- 
nut  that,  although  wc  aie  focusing  on  leading  disabilities,  they  arc  mcrcfy  a  symp 
'  torn  of  a  much  more  basic  problem,  which  is  j  lobabiy  not  unique  to  humans  but 
runs  through  a  wide  vaiicly  of  higher  maminaK  And  the  way  tu  appioach  the 
problem  fiom  a  leseaiJi  point  of  view  is  to  Kn  >k  at  it  both  at  a  human  level  and 
at » Iower»pf  imate  level . 

DR.  RiCHARlihON  I  should  likc  toaddatautiiii  to  whatevei  is  done  experi- 
mentally in  nonhuman  piimatcs.  Reading  is  a  1  nguagc  function,  as  wc  have  spent 
some  time  discu^smg  h/crc  We  must  not  lose  st|  ht  of  that  facet  in  extrapolating 
cxpennjental  observations  on  nonhunvan  prima  es.  The  pitiblcni  goes  beyond  |hc 
'  peiceptual  aspects  I  think  the  visual  aspects  arc  important,  but  I  believe  we  have 
ample  evidence  fiom  lescaich  that  auditory  ^s*  iiminatiun,  sequencing,  nd  l^n 
iguage  development  aie  as  important  as  visual  pc  (vcption  t  lefet red  to  visual  per 
ception  earlier  only  to  point  out  that  its^^as  one  of  a  number  ot  factors 

DR  GUND^  RSoN  I  would  like  to  comment  on  ( ie  deOnition  and  incidence  of 
dyslexia  and  reading  disabilities  The  Int^discip  mary  Committee  on  Readmg 
Problems  is  composed  of  piofessuMials  icpicscnt  ng  many  disciplines  psychology, 
education^  sociology;  linguistics,  anthropology,  ( cunomics,  child  development, 
and  specialized  fields  of  medicine,  such  as  ophth  ilmolegy .  pediati i  %.  neurology  ^ 


and  psychiatiy  One  of  the  problems  faced.by  ihe  Commiticc  w«i  tcrminotogyr 
Althunlih  workei%  in  varii^us  disciplines  used  the  same  letms,  discussion  reve^ied 
ihit  Ihe  meanings  of  leims  vined  ac4:ofding  to  the  discipline  of  iht  user  The 
CommittCZ  membets  we?e  concerned  with  r^dm|^pfofoians«  but  i^i  was  difftcull 
to  obtain  aVonsensus  on  whal  a  leading  ptoblem  was  or  to  deHne  reading  di$* 
abihty  It  wit  apjpaieni  that  comm<ig  leinunoiogy  wAs  essential  for  effective 
cummunicatidii;  So  the  giuup  agreed  to  compile  a  i^oissaty  (tiundet son,  O  V. 
Reading  problems  gfos&ary  uf  terminology  Fieading  Research  Qutrterly  4. 534- 
S47. 1969)  to  use  during  the  writinj^of  the  several  manuscripts  that  tjvdl  be  pub- 
lished m  a  single  volume  by  the  Center  fof  Applied  bnguisiics  and  to  appear  as . 
*  an  appendix  to  the  volume  One  of  the  seven  Committee  task  forces  is  concerned 

.with  incidence  and  implications  We  have  found,  as  most  of  us  already  knew,  that 
^  -  '  m  the  United  States  we  have  no  accuiate  estimate  of  the  number  of  children  wh(| 

.  are  disabled  m  leading,  we  have  only  an  educated  gues;i  The  primary  reason  for 
the  lack  of  an  estimate  a  that  reading  disability  itself   deGned  jn  many  different 
ways  Most  workers  m  education  wouW  feel  that  an  intimate  of  1 5*- 20%  of 
child(en«tsdydexicis rather  high  ,  * 

Dit^  you  NO  But  would  it  be  higl\,in  terms  of  reading  disability  if  tiMii  is  defined 
ip  terms  of  ^years  retarded''^  . 

DK  i;uND(RSON  We  Still  have  to  define  "reading disability"  and  "dyslexia  " 
Many  children  who  are  a  year  retarded  ly  reading  are  reurded  simply  because  of 
po^n  educational  experiences  and  have/no  physical  or  neurologic^  problems 

DR  w>yN/oN  I  have  been  struck  by  the  lack  of  mention  of  an  active  area  of 
rcsaaKh  and  a  related  point  of  view  Althouj^  I  am  not  expert  in  it  J  think  this 
approach  ought  at  least  to  be  mentioned  ai^d  put  on  the  record  I  refer  to  the  use 
of  programfied  instruction  or  teaching  nvchines.  1  know  that  active  research  is  ^ 
^      going  on  w*!h  such  things  as  typewriters  connected  to  computer*  that  are  op^^ 
crated  b>  v/iy  young chitdr en >  I  submit  thai.althouf^  the  concept  of  training^ 
children  m  how  to  read  through  the  use  of  appaiatus  that  requhes  a  computer 
may  seem  way  out  today « this  sort  of  approach  might  seemlquite  feasible  m  the 
ne^r  luturc  One  of  the  nii^e  things  about  computers  is  that  they  are  precise  and 
have  infinite  pati<t^ice  Another  good  thing  about  computers  is  ihis  to  write  a 
program,  one  needs  an  extremely  precise  idea  of  what  he  wants  the  machine  to 
do  foi  him.  theiefoie,  he  must  sharpen  his  thinking  about  tho.|;r^es&  involved 
In  the  pailcrn  of  the  educational  system  that  we  are  gcneially  using  in  this 
country  tuday ,  materal  is  givon  to  30  or  40  students  Some  succeed  and  si>me 
dt>  not ,  tlui  leads  to  failuic  \m  the  part  of  tho^  at  the  bottom  of  the  group  and 
the  beginning  of  the  downward  spiral  referred  to  earlier 

I  think  that  Piofessof  Skinner  at,Harvard<  who  has  been  one  of  the  •motivating 
»  ,  for4.cj»  behind  the  concept  of  programmed  Icaining.  and  many  otheis  have  pointed 
out  that,  through  the  use  of  pfogrammed  instiuction,aaentiicly  different  ap* 
pioath  (.an  be  taken  Rather  than  throwing  a  given  quantity  of  material  at  the 


491  ,  ' 


Confereme  Impluanafn  for  tdjiUaiion 


ftudents  addWmg  whethcf  ihey  cm  muuifc  it.  we  i^n  ^llm.;* ^cb  studc 
pfoceedu  his  own  (Mce^dnd^finge  xhmp.  ti  is  hapea.  hi  Duutfv 
'    md  fulure  is  almasi  niled  oui 

OR.  youNG  ^boui  5  years  i|o,  wt  Maaed  a  gyoMpof  m>  dco^^irui  4  ^tai <)ld%  on 
profnmmed  lypewniers  ^These  chtldien  Jie  now  in  KhiniLiM  pcifonmng  \£ty 

inmding  The  progncms  woaldfuve  been  thai  it  kd^  one  ihu4  oi  ihem 
would  have  been  placed  in  mental*reiafdaiion  clawesyuit  one  of  ihem  ha^  been 

;  placed  ihere  They  fie  exceeding  ihe  control  piMip/fend  even  doubling  then 
icocet  in  sevtraJ  xhievemeni  lesii  We  intend  to  f^low  them  fot  J  2  ycai^  Yuuf 
point  about  the  ngoi  involved  in  {Hogranmiing and  the  student's  i.onirol  over  the 
pace  at  which  the  materul  is  pieienied  is  extrcnnely  m  poriant  I  would  al^u  ttkt^f 
to  Sly  that .  even  if  you       u  have  a  computet  or  aulomaied  equipment  ioi  pie 
senting  data.  teKheis  u.*  :  tiained  to  function  in  a  fjciliutive  laU^iun,  i4ihcf 
than  m  a  tuikey-stuffing  fashion  lammmg  data  down  the  un««olfing  ihti»«^  ot 

.  children  The  former  iiyle  of  instiuclion  isconsideribly  mote  effciiive  Yuut 
potnu  iire  get nune  to  one  of  the  sore  spots  in  eduiauon 

on,  ULLSIANN  I  would  like  lo  icfocus  attention  on  a  poml  ih^i  Ui  Kco^  wudc 
eailiei  the  queintion  of  conhnuiiy  veisus  di^conimuity  m  rhe  ptcxcss  wc  call 
reading 

I  am  aware  that*  from  the  M^tndpoini  of  iciet^ce.  if  may  he  pioper  lo  ^.oomJci 
Ihe  compocenis  of  the  reading  p^txiess  a  monolomc  system  and  >et  i^l!  the  dts  • 
abihty  a  deOnably  different >  qualitatively  sepiiate  phcnomenofi  This  secnu  to  be 
so.  in  the  children  to  whom  Dr  Robmson  has'feleited.  reading  was  impt u^td  m 
a  signiricantly  large  proportion  by  improving  the  reading  msttuvtion  I  think 
there  was  a  reduction  in  reading  disability  from  20^  to  S'f^  Bui  the  5"^  icnuiny 
so  thai  one  would  as&unw  that  ihe  improvtmeni  in  fn<»nu«:hon  had  made  its  iun 
tribulum.  which  could  continue,  but*  that  there  might  be  something  viiihm  ihc 
learner  that  also  has  to  be  considered,  m  addition  to  ihe  instrtiwif(m4^y^rcm 

Similarly,  there  is  j  situation  with  which  I  have  had  some  famihariry  m  ihc 
last  lew  years  tlie  efftni  by  the  armcd^forces  to  accept  100.000  men  per  >c/f 
who  would  previously  have  bten  lejcvted,  thioMgh  improvcmeni  m  miiryiiiunjl 
matexial  and  adjusiment  of  ifammg  provediAes  This  is  of  tx^iclii  not  i^nl)  lo  ifie 
arrwrd  forces,  but  also  to  the  men  ihemselvei^ 

Tf^  l^eison  who  has  what  we  might  Itjosely  calNyste\u  icntiins  m  a  taitgoiy 
sepiYite  from  those  who  con  be  reached  by  improvements  m  mctluKis  lot  ^nci al 
use  Most  people  may  have  been  effectively  insfiucted.  bui  ihcjduil  MJenw  m>  be 
a  small  proportion  who  cannot  be  dealt  with  easily  withm  a  mass  appriMs.li  I  do 
not  mean  that  as  a  social  policy  this  concern  with  methods  uf  general  oppliwa 
bdtiy  IS  unwise. but  {  want  to  highlight  the  fact  that  we  still  seem  to  have  a  pu)b 
km  with  residual  disability  I  would  ask  whether  the  convept  ot  disconiinutiy 
must  be  faced  if  we  are  lo  reach  the  iOO'X  of  the  vhitdien  that  Dr  Kuhaidsun 
alluded  to  m  the  further* development  ot  oui  eduuilional  4«d  health  s>  stem 
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HH  'A  uAAHMH  \  would  hkc  to     thc  panel  members  whether  they  c^n  lock 
mu>  then  iryMdi  baltaod  Coie*ec  not  only  a  sptech  thempisi  to  screen  childien 
(whish  li  lione  now),  but  <  hcjung  therapist  and  a  ceadirfg  therapist  Perhaps 
fitter  Di  Shankwcilei  woib  out  his  tU^iificatiun  of  leading  piobiems«  ihes^ 
^peciaUu^  nay  be  able  to  lueniiiy  children  in  need  of  special  training  before  • 
failuie  begins  and  to  *;rve  a  vciy  impoitant  purpc^  " 

UH  ROBiN&oN  That  has  been  my  goal  for  20  yeats  Following  this  conference^f*.^ 
howcvej,  I  am  banning  to  wonder  whether  childien  should  be  screened  befoic 
they  even  eii?cr  u:hoo\  It  s<cb|^  lo  me  that  the  acreening  pioceii  ought  to  a)me 
much  earliei  than  6  yeais  (i  aje.  when  childntn  enter  school  in  lhi3(  counii^l  or  S, 
when  they  cntet  kindeig>itcn  At  this  Ume,  1 4o*not  know  what  to  scieeri  or  how 
lo  S4,ieen  This  piuision  i*  the  goal  that  we  Mi^ipty  must  achieve,  because  pre-  , 
vtniton  IS  our  ultimate  j^aal 
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Glossary 


TH^  jargen  and  technical  terms  of  pne  discipline  arc  detferrents  to  uhder- 
standing  by  fcadcrs  trained  in  another  discipline.  This  glossary  is  in- 

^*-tVnded, to  relieve  the  irritation  oTfcadinfe'material  in  an  unfamiliaf  sub- 
jjfeCt  and  to  promo|e  compr&hension.Jtxonsists  of  terms  that  are  not 
fcxplaincdl^  the  speakers  in  context;  the  definitions  arfr confined  to  <he 
iscnseiin  which  they  are  used.  TermS  in  italics  are  defined  elsewhere  in 

/  the  glossary*  Specialist?  in  the  Several  disciplines  have  been  consiiltc'd,  as 
have  the  following  autlioritative  sources:  s  '    ,  *  , 

American  Piychiatric  Glossary,  !}rd  Edition.  Washington,  D.C.: •  America|n  Psychiatric 
Association,  1969."  •  ,  .        ,       ,  / 

C. *H.  Beit  and  N.  B,  Ijaylor,  Eds.,  Physiological  Basis  of  Medical  Practice,  8th  Edi- 
.    tion,  Bahimorc:  TTie  Williams  A  Wilkins  Copipany,  1966. 

F.  P.  Dinncen,  Introduction  to  General  Linguistics.  New  York:;  Hoh,  Rinehart  and 
Winston,  Inc..  1967.  '      ^        ,  ' 

Dorland'sJUustrated  MedicAl  Dic\ionary,.244h Edition.  Philadelphia:  W.  B.  Saunders 
Company,  1965.  -  '         *  * 

P*.  Gray ^  Dictionary  of.thc  Biological  Sciences.  New  York :  Rcinhold  Publishing 
Corporatioh,MS?6?M/'  '  ^  ' 

D.  V,  Gundcrson,  Reading  Problems;  Glossary  uf Terminology.  Reading  Rescai;ch 
Quarterly,  4(4),  pp;  534-549,  Newark,  Delaware:  International  Reading 
Association,  1969.    *      *^  ' 
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C.  A,  Keclc  and  ErNcil,  Samson  Wright's  Applied  Physiology,  1 1th  Edition.  London: 

Oxford  Universiiy  Press,  196^ 
S.  Polyak,  Vertebrate  Visual  System.  Chicago:  University  of  Chicago  Press,  1 957.'  , 
Webster's  Third  Intfrnational  Dictionary,  Unabridged.  Spiingfield,  Massachusetts: 
^  &  C.  Merriam  Company,  1967.  - 

ACCOMMODATION:  A  change  in  thickness,  curvature, and'poWer  of  Ithe  IcTisof  • 
the  eye  through  action  of  the  ciliaiy  muscle  to  adjust  the  eye  for  near  vision. 
*      Accommodation  is  usually  accompanied  by  changes  in  pupillary  diameter  and 
cc7n^/;i^eficf  of  the  eyes.    •         <       '  1 

"ACUTE"  INVESTIGATIONS:  In  neurophysiology,  usually  investigations  on  * 
anesthetized  animals  that  are  sacrificed  at  the  termination  of  the  experiment,  in 
contrast  to  "chronic"  animals,  which  are  used  more  than  once. 

AMACRINE  CELLS:  Intrarctinal  association  neurons  without  long  extensions,  ' 
acting  on  synaptic  junctions  between  bipolaf  and  ganglion  celk\  one  of  several 
types  of  association  cells  fAilitating  or  inhibiting  retinal  neural  activity.  See  alio 

»  horizontal  cells.  ' 

AMBLYOPIA,  Reduction  in  visual  acuity  that  cannot  be  imprciicd  with  lenses  or 

attributed  to  disease.  .         *  ' 

AMETROPIA;  An  abnormality  of  the  eye,  such  that  when  ft  is  at  rest;  light  rays  arc 

not  focused  on  the  retina,  but  rather  in  front  of  or'behind  it.  Includesin>^apfti, 
*  *  hyperopia^  and  astigmatism,' 

ANTERIOR  COMMISSURE;  One  of  the  transverse  bands  of  nerve  fibers  that  con- 
nect the  two  cerebral  hemispheres.  %  * 

APHASIA:  Impairment  of  tht  ability  to  use  language  because  of  defect;^^*pair-  ^ 
ment  of  the  brain,  not  sensory  impairment  of  vision  or  hearing. 

A>RAXIA:  Ina^lity  to  carry  out  purposeful  movements  in  the  absence  of  identi- 
fiable paralysis  or  other  motor  or  sensory  impairment.^ 

AREA  17;  Stvstriate area.   '    '        ,    '        -        *  *  ' 

ar'^a'i*.  All  area  of  the  occipital  lobe  of  the  cerebral  corte'x^ainly  on  the  dorsal 

'    surface  ot  the  lateral  gyri!^^.adjacent  to  area  1 7,  shewing  electrica)  activity  after 
p.  ,  stimulation  of  the  visual  tract.  Also  called  "visual  IP'  and  "secondary  visual' 
cortical  area.'*        ;  -  . 

ASTiGMA-jiSM:  Lack  ot  symmetry  of  curvature  of  the  refraccivc  surfaces  of  the 
eye  as  a  result  of  which  a  ray  of  lightjs  not/ocused  on  the  retina  sharply  in  all 

i    meridians,   *  , 

AtAXiiA:  Failure  of  muscular  coordination. 

ATROPINE:  A  chcmical  compound  found  in  plants  that,  among  other  us^s,  diUte^ 
the  pupil  and  paralj^zes  the  ciliary  muscle  controlling  accommodation  of  the  lens 
1   when  applied  locally  to  the  eye. 

AUDIQORAM :  A  plSt  of  the  acuteness  of  a  subject's|^earing  at  various  sound 
fr'ejquencies.  '       ^  , 


auoit6ry  BLENDING:  Tjic  ability  <1)  to  make  sense  out  of  the  {tarts  {phonemes) 
of  a  word  pronounced*with  separations  betvfceen  phonemes  and  (2)  to  obtain  an 
approximation  of  the  intended  word  suffu^ient  for  recognition  of  .the  word.* 

A-WAVE:  Negative  deflection  ef  the  electroretinogram  occ\{rring  in  the  hght- 
adapted  eye  following  stimulation  by  a  flash  of  light,  or  in  the  dark-adapted  ^ye 
by  a  red  light)  and  considered^to  be  related  to  cone  activity.  ^  ^ 

AXON:  A  nerve-cell  expansion  or  process  that  is  typically  single^ndiong,  termi- 
.  nates  in  short  branches  relatively  far  from  the  celt  body ,  and  usually  conducts 
ifjfpulses  away  from  the  cell  body.  »  . 

AXOSPiNODENDRiTic  cbN^ACTS:  Synaptes ^tWittn  dendritic  spines  of  Qt\t 
neuron  and'izxoMj  of  another  neuron.  '  • 

BEKDER-GESTALT  TEST:  A  performance  test  requiring  reproduction  of  the  con- 
figufation  in  line  drawings/^>^    «        •  ' 
r  BENTON  VlSUAL^ET£NTIp^^'TEST;  A  test  of  Visual  perception  that  depends 
o*nj^/siia/-moAfr  ability,  i*  ^  '  '  ^  /  . 

BI^LAR  CELL'^:  4'w9>types  of  connecting  cells  in  the  retina:  monosynaptic 
bipolar  cell^  which  connect  cones  to  nerve^iBers  and  may  permit  direct  trans- 
mission  to4he  brain^and  polysynaptic  bipolar  cells,  which  connect  both  rods 
atid  cones  aiftl  perve  fibers  and  ^rmit  intera9tions  between  receptors  before 
transnor(ssiQn^l|^  brain.  ;  ' 

BUCCAL  SMEAR  TEsf;J4icroscopic  elimination  of  cells.scrape<^from  the  inside 

^   of  the  chrek  andT stained  to  determine  chromosomal  irregulariltes. 

B-WAVE;  Positive  deflection  of4he  electroretinogram  followiqg  stimulation  by  a 
(flash  of  light  ;Urgest  gi  ppor  illumination«nd  wt^blue  light.  Thought  to  be  pro* 
.  ducedinbstlj^by  rod^cljvrty.^"     .  '  ,         .  . 

CEREBRAL  AQUEDUCT:  A  narrow  canal  about  J/4  in.  long  extending  from  the  > 

third  ventgcle  to  the  fourth  ventricle  i^n  the  ntfcrorain  region.  ' 
^'cerebral  i}OMMissUR£$;  NeuMl  tracts^onnectirig  the  two  sides  of  the 
.  ^cerebjtim.  ^mples-  are  x\it  con^Mliosum  a!i4  anterior  commissure  .\ 
cerebral  DOMfi^ANCE^  A  Knctional  asymrrietry  in  which  one  si^e  of  |he^braiA 

^issume^  greater  control  of  cexebral  fuhctiari:&  thfin  the  other  iide^^emonstrated 
^  by  latehtliiy  m  voluntary  thotor acl«!  Sef  also  laterality  and  d(\ninant  laterality, 
'  'ciliary  MUSCLE:  The  sniooth  (fnvoli/h{a^^)  muscle  that  affectsfhe  shapc  of  thtf 

\en$)l]V\$mijaccofl^moda'tion,  ^     *  Vl  "  » 

CLOSH^'caLONY:  An  inbred  colony?  1 
code/emphasis  ^noGRAMS.  Programs  of  teaching  reading lh^|((  emphasise 

$o^nd-^ymbol  relation^ips.  See  also  meanititemphasis  programs. 
CON^MISSUROTOM  Y;  Surgical  sectionmg  of  jhe  connecting  bands  of  a  cerebral 

commissure.  In  the  brain, surgicaj  separation t)f  the /leural  connections  between 

the  two  hemispheres.  \  \    J  \ 

tqNE:  A  photoreceptor  nej^ron  characterized  in  part  by .wntg  thiokei  ih^o  a  rod^ 

/by  the  complexity  of  its  bii)olar  connections,  and  by  use  chiefly  in  Uay  vision; 


occurs  most  densely  in  the  fovea  centralis  artfa  of  the  retina,  where  visual  acuity 
is  highest. 

CONSENSUAL  pObillary  RESPONSE^  Similar  reaction  of  both  pupils  to  a 

stimulus  applied  to  oiily  one  eye. 
CONVERGENCE:  In  binocular  vision,  the  coordinated  movement  of  the  two  eyes 
toward /Zxaribn  on  the  satne  near  point.  Neural  convergence  is  the  synapsingoi 
many  cells  with  fewer  cells  at  successively  lowec  or  higher  levels. 
CORPUS  CALLOSUM:  A  large  bundle  of  transverse  nerve  Tibers  connecting  the 
«        cerebral  hemispheres.  ^  v  « 

COUNTERBALANCIN9:  technique  used  in  experimental  design  for  controlling 
*       continuation  effects  by  presenting  stimuli  in  balanced  sequences  (such  4s  ab,  \ 


CRITERION:  In  experimental  psychology,  a  predetermined  Jevel  of  performance  \ 

usually  less  than  a  perfect*score. 
d<  POTENTIALS:  The  so*called  steady  or  slowly  changing  electrical  potentials  that 

can  be  observed  in  various  parts  of  the  brain  under  cojistant  observation 
4  conditions.  *  [  ^  * 

DECIBEL  (db):  Nontechnically,  a  unit  for  measuring  the  relative  loudness  of  sounds. 

approximately  equal  to  the  smelliest  degree  of  difference  of  loudness  ordinarily 

detectable  by  the  human  a^,  ^hose  range  includes  about  130  db  on  a  scale**^ 

beginning  with  1  for  the  faintest  audible  sound. 
DECUSSATION:  A  Crossing  ove/  in  the  visual  system  of  optic  Tibers  at  the  optic 

chiasma.  I  « 

DEEP  STRUCTURE:  Elementsiof  a  sentence  that  determine  its  semantic  interpre- 

tation,  including  grammatical  relations,  functions,  and  categories.  * 
DENDRITE:  A  protoplasmic  expansion  or  process  of  a  neuron  that  usually  t^mi* 

nates  in  a  highly  branched  slaft  relatively  near  the  cell  bgdy  and  conducts  im« 

pulses  toward  the  cell  bodv.  Dendrites  of  pyramidal  cells  are  termed  apical    ^  ^ 

dendrites  or  basilar  dendrites  depending  on  where  they  leave  the  cell  body,  which 

is  orient^  with  the  ape;y1owar4  the  cerebrocortical  sUrface. 
DENDRITIC  SPINE:  A sl^rt  bulbous expansion of  the (/fnJnr^, with  v^hich  the 

axon  endings  from  anc^ther  neuron  make  contact;  spines  are  distributed  along  the 

dendrite  accordin^lc^distance  from  the  cell  (fody  and  other  factors. 
DETOUR  BEHAVIOR:  A  behavior  pattern  that  seeks  to  reach  a  gbal  by  an  indirect 

route  in  order  to  ^Void  an  unpleasarit  or  apparently  impassable  barrier. 
DIOPTER:  A  Unit  of  measurement  of  the  refractive  power  of  a  lens;equal  to  the 

reciprocal  oT  the  focal  length  in  meters. 
inptfdPiA:  Double  vision-two  simultaneous  visual  images  of  a  single  object.  . 
**DlSABtED  READER":  See  f«i(/m^(/isa6i7/rv. 

DlSHABJTUATtON :  Restoration  of  a  response  that  has  weakened  because  of  re-  ^ 
peatea  presentation  of  the  stirttulus.  '         '  '  . 


.  »A). 
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DisiNKiiiTioN:  Lessening  the  reciprocal  inhibition  caused  by  excitatiorl  of  a 
neuron  by  means  of  excitation  of  another  neuron. 

DOMINANT  LATERALITY :  The  preferential  use  in  voluntary  motor  acts  of  ip- 
silateral  members  of  the  different  pairs  of  vgans»  as  the  right  ear»  eye»  hand,  leg 
(dextrality)  or  the  left  ear,  eye,  hand,  leg  (sinistrality).  There  is  a  general  ten- 
dency to  be  consistently  right-dominant  or  Ipft-dominant,  but  mixed  and  crossed 
dominance  are  also  found. 

DYSLEXiAt  From  "dyi'Mwlly,  impaired>~and  "lexis**-speech,  from  legein  (Greek) 
to  speak;  confused  with  letere  (Latin)  to  read,'the  medically  more  common  inter- 
pretation,  as  in  alexia.  See  micfintf  €/isaM//rv. 

DYSPRAXIA:  Partial  loss  of  ability  to  perform  coordinated  movements;  nonspe« 
ciflc  clumsiness;  a  sign  considered  indicative  of  possible  neurolo|ic  involvement. 

^DGE-DETECTOR  UNITS;  Retinal  fodls Or  co/ie^  that  respond  to  Contrasting 
luminance  boundaries  such  as  that  provided  by  the  border  between  black  and 

'   white  areas. 

EDGE  GRADIENT:  The  gradual  variation  in  illumination  at  an  edge  between  a 
bright  fleld  and  a  less  bright  Held  due  to  the  optical-^read  fiinction  and  eye 
micromovenients.  '   

ELEdTROANATOMic  STUDIES:  Deduction  of  probable  anatomic  pathways  froiif 
the  pattern  of  nerve  impulses  recorded  at  different  sites.  , 

ELECTRORETiNOGRAM  (ERG):  Record  of  changes  in  electrical  potential  in  the 
retina  after  stimulation  ^by'light;  may  be  obtained  in  man  by  placing  one  elec- 
trode  ori  an  anesthetized  cornea  and  the  indifferent  electrode  in  the  mouth. 

EMM  ETROFiA;  A  State  of  proper  correlation  between  the  refractive  system  of  the 
eye  and  the  axial  length  of  the  eyeball  such  that  rays  of  light  entering  the  eyt 
parallel  to  the  opt!c  axis  are  brought  to  a  focus  on  the  retina. 

ENUCLEATION:  Removal  of  the  eyeball  after  ihe  extraocularmuscles  and  opr/c 
nerve  have  been  severed. 

EVOKED  POTENTIALS;  Electrical  Signs  of  neuronal  activity  resulting  from  stimu- 
lation of  nerves  or  sensory  end-organs. 

EXtiNCTiON:  Reduction  or  eliminaiion  of  a  conditioned  response  by  not  rein- 
^  forcing  the  response.     -  '  . 

EXTRAOCULAR  MUSCLES;  Three-pairs  of  muscles  (the  superior  and  inferior 
recti,  the  internal  and  external  recti,  and  the  superior  and  inferior  oblique 
muscles),  arranged  aro.und  the  eyeball  that  act  in  a  coordinated  manner  to  rotate 
the  eyeball  and  maintain  appropriate  convergence  with  the  other  eyeball. 

FACIAL  DIPLEGIA:  Paralysis  of  both  sld^  of  the  face. 

FEATURE  EXTRACTION;  The  proccss  of  separating  from  the  totaUnput  the 
particular  characteristics  of  a  sensory  stimulus  that  are  recognized. 

FIXATION:  The  direction  of  gaze  is  such  that  the  image  of  an  object  looked  at  falls 
on  the  fovea  centralis. 
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FOOT  LAMiOiT  (fL):  A  .unii  of  luminance  equal  lo  ihc  luminance  of  a  perfectly 
diffusing  surface  that  emits  or  reflects  one  lumen  per  square  foot.  A  lumen  equals 
the  light  emitted  (in  a  unit  solid  angle)  by...  uniform  pomt  source  of  one  candle 
intensity. 

FORMANT:  The  frequencies  (or  groups  of  frequencies)  that  characterue  the  timbre 
of  a  sound  and  distinguish  it  from  sounds  of  different  timbre. 

FOV£A  CENTRALIS:  A  tiny  depressioo,  about  I  deg  wide  in  man,  in  the  center  of 
the  macula  lutea  retinae,  where  the  layers  of  the  retina  are  spread  apart,  per- 
mitting light  to  fall  directly  on  the  cones;  {ht  parlof  the  retina  that  provides  the 
best  visual  acuity.and  most  sensitive  visual  discrimination. '  ^ 

FOVEAL  EXAMINATION;  Examining  an  object  with  the  most  disaiminative  part 
of  the  retina,  iht  fovea  centralis,  involves  coordinated  turning  of  the  tytt  so  the 
optiq  axes  converge  on  iht  fixation  pomt. 

FUSIONAL  MOVEMENTS;  Movements  of  the  eyes  that  bring  the  retirtal  images  of 
the  same  part  of  a  visual  stimulus  sufficiently  close  to  corresponding  points  of 
the  retina  that  a  single  image  is  perceived. 
'  GANGLION  CELLS:  In  the  retina,  neurons  representing  the  third  link  in  the  chain 
that  carries  visual  stimuli  to  the  brain,  whose  cell  bodies  and  dendrites  are  in  the 
retina  and  whose  axon;  constitute  the  fibers  of  the  optic  nerve.  Retinal  gan^n 
cells  differ  greatly  from  one  another  in  body  size,  location,  and  manner  in  which 
they  make  synaptic  connections;  they  ?.\t  activated  by  bipolar,  horizontal,  and 
amacrine  cells.  -  ;  <« 

GATING  FUNCTION:  Selection  on  an  arbittary  basis- for  example,  voltage  of 
neuron  spikes-in  recording  techniques;  also  applies  to  ail  kinds  of  neurophysio-  . 
logic  phenomena  that  can  be  segregated. 

GENERALiZATlON:^ln  psychology,  the  ability  of  an  associated  or  similar  stimulus 
to  cause  a  response  produced  by  a  particular  stimulus,  especially  when  of  the 
same  sense  mode.  '  • 

GKSTALT:  A  Structure  or  configuration  including  shape,  pattern,  and  time,  of 
physical,  biologic,  or  psychologic  phenomena  so  integrated  as  to  constitute  a 
functional  unit  with  properties  not  derivable  from  its  parts  in  summation. 

GESTALT  PSYCHOLOGY:  The  Study  of  perception  and  bchavior  from  the  stand* 
point  of  an  organism's  response  to  configurational  wholes,  with  stress  orVthe 
identity  of  psychologic  4nd  physiologic  events. 

GOLGlcox  PREPARATIONS.  Preparation  and  St  a  in  u)g  of  nervc  tissues  for  his- 
tologic examination  by  the  Cox  modification  of  the  first  neurohistolQgt<^ method, 
devised  by  Camillo  Golgi  100  years  ago.  The  method  consists  of  staining  suitably 
fixed  and  hardened  slices  of  tissue  with  a  weak  silver  nitrate  solution;  only  nerve 
cells  are  blackened.  The  Cox  modification  results  in  improved  staining  of 
dendrites.         •     .  ^ 

GRAPHEME  (syn.  letter,  phonogram):  A  functioniilly  distinctive  graphic  symbol, 
used  in  the  writing  system  of  a  particular  language. 


HAiiTUATaoN:  The  waning  of  a  response  jis  a  result  of  repeated  stimulation  that 
'    is  not  followed  by  reinforcement ;  distin  .  from  fatigue  and  sensory  adaptation. 
HAPTic  SEHSATIONS.  Sensations  arising  from  the  io\xch  receptors  in.the  skin- 
HEMIPLEGIA:  Piralysis  of  One  side  of  the  body. 

HERTZ  (Hz):  A  unit  of  frequency  of  a  periodic  process  equal  to  one  cycle  per 
— second;  replaces  cycles  per  second  (cps). 

HORIZONTAL  CELLS:  In  the  retina,  one  of  thc types  of  association  cells  whose 
function  is  to  distribute  photogenic  impulses  in  the  retinal  tissue  itself  and  by 
facilitation,  inhibition,  or  some  similar  influence  to  modify  the  impulses  trans* 
mitii<Mo  the  cerebrum.  The  horizontal  cells  interconnect  cone' receptors  with 
cones  or  rods  and  are  so  named  because  of  the  horizontal  spreading  of  their 
axons.  See  also  amochne  ce/Zf. 

HYPEROPIA  (syn.  hypermttropia,  farsightedness):  An  optical  abnornwlity  of  the 
eye  in  which*  when  it  is  at  rest,  rays  of  light  entering  the  eye  parallel  to  the  optic^ 
axisare  brought  to  a  focu^  behind  the  retina. 

INITIAL  TEACHING  ALPHABJET  <ITA>:  A  notation  system  using  the  conven- 
tional symbols  of  JEnglish  p(us  some  others  designed  to  represent  particular 
'^sbunds  that  are  variably  represented  in  English. 

INNER  PLEXIFORM  LAYER:  The  relatively  cell-free  layer  oi  thc  retina  between 
the  ganglion  layer /and  the  inner  nuclear  layer .  consists  numly  of  ry/iapsei 

intracorticAl  ASSOCIATION  CELLS.  Neuions  Carrying  out  an  associative 
function  between  cortical  neurons. 

KINESTHESIA:  A  sense  mediated  by  receptors  that  lie  in  the  muscles,  tendons, and 
{pints  and  are  stimulated  by  bodily  movements  arfd  tensions, 

LAiY  RiNTH :  See  vestibular  apparatus ,  v 

LATENCY:  Time  between  application  of  a  stimulus  and  the  resulting  response  at  / 
some  point  in  the  neural  system^ 

LATERAL  DOMINANCE,  i^e  dorhituMt  laterality 

LATERAL  GENICULATE  NUCLEUS:  A  group  ol  neuronal  ccll  bodics  arranged 
in  SIX  layers.  Nerve  fibers  fi6m  she  retina  of  the  contralateral  side  arc  received  in 
layers  1 .4«and  6.  and  from  equivalent  spots  of  the  ipsiiateral  retina,  \\\  layers  2, 
3«andS.  ^ 

LATERALITY  Awaicness  of  the  two  sides  of  one  s  body  and  ability  tt>  identify 
each  correctly  as  left  or  right.'— 

LATERAL  SPECIALIZATION:  Scc dommnt laterality ^ 

LAYER  tv.  The  fourth  layer  hom  the  surface  of  the  j**imatc  visual  cortex  charac- 
terized by  relatively  small,  densely  spaced  cells,  including  stellate  cells 

LAYER  V;  Thc/ifth  layer  from  the  surface  of  the  pnmate  visual cur/cx»chaiac' 
teri^e^  by  large  cells,  ^  { 

LIGHT  TRAP;  A  device  that  ehminates  unwanted  light  to  produce  an  att^a  of  uni- 
form illumination.  ^ 
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LONG  TERM  MEMOKY  Rcicnitori  of  informaiion  for  longer  ihan  about  a  nunule; 

'   usuaUyJong-ierm  memory  refets  10  (bys«monih$,  or  years. 

LUMIN  ANcr  Refers  to  the  effecliveneis  of  a  given  bght  mtensiiy  on  ihe  visual 
system.  Formerly  called  "brighttiessr  and  frequently  confused  with  the  bright- 
ness or  physical'energy  of  a  light  source  itself.  See  also  Madi  bgndx 

M ACH  i^NDSr  Bright  and  dark  rings  noticed  by  Ernst  Mach,  When  rapidly  ro- 
uting ibsks  of  colored  or  black  and  white  sectors  are  viejyed.  the  successive 
sectors  appear  t^  fuse  into  a  single 'color  and  intensity;  the  grea:er  proportion  of 
white  to  black  (or  one  cx>lor  to  another),  the  brighter  (or  mortf  likejlhe  better 
presented  color)  the  routing  disk  appears.  When  the  proportioni'are  not  uni- 
form^ MaA  bands  f ppear.  The  explanation  of  (he  brightness-contrast  effect  is 
based  on  t^e  mutual  dependence  of  neif^boring  retinal  points  due  to  theretinal 
neural  net w&k>  ^ 

M  ACROEtECTinPDE.  A  relatively  large  electrode  (up  to  0  S  mm  m  diameter) 
with  low  eledf ical  resistance*  used  to  record  potentuls  accompanying  reacttoni 
'    of  aggregitionc^  of  neurons  - 

MACULA  iVTt)^  itETtNAE:  The  pa(t  of  the  retina  distinroished  from  the  remain* 
der  of  the  retiM  by  its  yellow  appearance,  m  the  center  lits  the  fovea  ctntm^, 
\         the  area  of  gi>eatest  visual  acuity. 

MEAlilNG  EMrHASls  PROGRAMS:  ftograms  of  teaching  reading  that  emphasize 
language  meaning,  as  distinct  from  code-emphasis  progntms, 

MESENCEPHALON  (syn.  midbrain):  The  middle  divu^ion  of  the  bminlying  be- 
tween the  forebrain^and  hindbram. 

METHYLENE  »LUE  PREPAK ATlONS:  Tissues  prepared  fot  Study  by  a  method 
devised  by  Pjiul  Ehrltch(  1886)  consisting  of  injection  of  a  weak  solution  of 
methylene  blue  into  a  Imng  animal,  whose  nerve  tissue  decolorizes  the  blue  dye. 
When  the  tissue  is  exposed  to  air,  the  nerve  structutes  appear  selectively  stained 
in  blue. ^  *  .  ^ 

MICROELECTROOE  An  electrode  l^iiiin diameter  used  for  intracellular 
recording  of  potentials  accompanying  reactions  of  single  units 

M61IUS  SYNDROME;  VoluntatV  abstinence  from, motion  owmg  to  intense  pam 
accompanying  muscular  movements 

MotAR  iEHAVia.R  A  unif  of  behavior,  described  in  nonphysiologic*  psycbologic 
eimstructs  and  ni^t  up  of  smaller  specific  units  elicited  by  speciHc  $tiniuli< 

MOLECULAR  BEHAVIOR  A  small  unit  of  behavior  generally  defined  in  terms  of  * 
specific  movemenj|  or  of  specific  movements  elicited  by  specific  stimuli,  or  m 
physiologic  letmsj 

M  yelination  The  condition  of  some  netve  fibers  that  ate  covered  with  a  fat -like 

subsunce  (myelin)  as  a  sheath  ^ 
M  Yopu  (syn.  nearsightedness)  .An  optical  abpormxiiiy  of  the  eye  in  which,  when 

it  IS  at  test,  light  rays  ^parallel  to  the  optic  axis  are  focused  in  front  of  the  letina,  - 

rather  than  On  It 


Htvn*    GRADIENT  Vitmiion  III  tctpoiw  of  a  ne4ifal  Jysfcm ovtr  d  spic« 

distribution  '       *  • 

NODAL  roiNT  Onc  of  iwu  poinu on  fhe  «nii»»f  ^\  opiual  vysfcm  so  stltuled 

thit  1  my  falltnion  one  will  pioduce  a  parjllel  f»v  cmciging  ihiough  ihc  oihct 
NOlse  tnterfercnce  of  Viitabte  mtemity  ttul  fof tm  a  iif fuse  backgiu>ind  agaimt 

which  a  specific  stimulus  effect  occU>s  Wuhin  ncutal  systems,  "noise"  is  ihe 

residual  on-fomf  activity, and  any  signal  lo  be  effeciivc  mAl  be  highci  m  mien 

»iy  than  this  bac^qpound  noise  See  also  visual  notse 
NUCLEUS  (pl^  nudti):  In  neufoanatoniy,a  genetal  teim  u$cd  to  designate  a  group 

of  nerve<ell  bodies  usually  wittun  th^  central  nervous  sy  stem  and  hearing  a 

ihrect  f elationship  lo  the  fibers-of-a  particular  nerve 
occiPiTAL  lOMt  The  posterior  lobe  of  the  ce'rebralhcmispheic.Ateiging 

laterally  v^th  the  temporal  hbe.Mpd  concerned  primarily  with  vuiial  input 
ocuLAK  ASTHENOPIA  Weaknetior  rapidticmgofiheeyeiaticniJtdby  pim 

m  the  eyesjieadache,  and  dimness  of  vjsion       .  . 
ocuLOMOTon  (syn  ocular  moior)  lyrtaimng  to  the  movements  of  the  eye 
ocuLOMOTon  APRAXiA  Lossof  ability  to  move  the  eyes  jit  v^iil  or  to  foilo*  x 
»    moving  object  Vo  either  side 

ocuLOHOTOit  coonotNATioN  Recipiocit  mnetvatK^n  uf  iht  t>*««^ of 
<?oi&rmiiic/fS»  resulting  mjcoordmalion  of  movement  ofthe  cycdall  on  a  point 
offtxation 

•  ocuLOMoroit  DYStt  xiA  *  Reading  disability  due  to  oculomotor  Jystunction 
oit  iMMtnsiON  PHOiOMifito*GHAPH  A  photomicrograph  taken  ihtough  a 
.    high-power  lens  having  a  clear  oil  phase  instead  of  air  between  the  lens  and  the 
.  object  (or  cover  glass)  The  magnincation  is  usually  about  *  ,000  uht^.  de 

pending  on  thje^wer  of  the  objective  and  ocular  iemes 
OUMATIDIUH  T^t^matida).  An  elongated  unit  of  a  compound  eye  fan  • 

arthropod*  consisting  typically  of  an  exict  nal  corn<^l  lens  beneath  whxJt  is  a 

crystalline  cone  and  below  it  a  rod^P^d  form  enclokd  in  a  sensitive  retinal 

dement  protected  by  pigment  ^ 
OfEiiANi/COcNOSTioNiNO  (syn  instrumenul  conditioning)  The  experimental 

procedure  of  presenting  an  animal  with  a  reinforcing  stimulu!>  immediately 
-  'following  the  occurrence  of  a  certain  reiiponse  Usually .  these  arc  responses  iK 

curnng  freely ,  when  the  correct  response  occurs,  the  dinimal  is  immediately  re 

inforced*  resulting  in  an  increased  rate  of  responding,  e  g  ,  a  pigeon  lAay  pe^k  at 

many  notes  on  a  piano  but  when  he  pecks  a|  the  first  note  of  "The  Star 

Sparigled  Binner  "  he  is  immediately  reinforced 
OPERANT  LEV  tC  Ba«e4ine  or  pretesting  or  prcrcmfoicing  level  ufacimtv 
OPTtCAL  SBltr AD  ru>4CT!ON  The4otal  cffeci/iSljhe  optical  processes fdif 

fraction,  aberration,  light  scatter, fltctiinmo(4inV)«  errors,  optical  characteristics. 
,  and  eye^movements)  by  which  lays  from  an  exlerr^al  point  of  Iighf  arc  spread  in 

a  beU*«haped  distnbufion  curve  to  form  the  inbge  on  the  retina 


OPTIC  chia^m/a  T]hc  X^hoped  juncison  uf  iht  optw  nerves,  a  %hon  stout  bridge 
through  which,  in  nwmfiuh.  there  ii  a  partial  exchange  of  fibers  between  t^  wo 
nerve^i  ht  nun  and  othci  piiiaite!»,  libera  that  originate  in  the  u)mewhat  Ir  ^  v 
,na^l  half  oi  the  retina  paiv  from  one  nerve  through  the  chia^^rna  and  join  fiber* 
in  the  opposiit  op/jr  flwrr,  whe;ea$  the  Ubeis  arising  from  the  lenrtporil  side  of  " 
the  retina  proceed  in 'tie  lateral  prntiODs  of  the  chiasma,  without  decussation, 
horn  the  opuc  nerve  to  the  corresponding  optic  tract  (Sec  Figure  I  in  the 
Introduction  ) 

ortrc  DISK  The  "blind  spot"  where  ihe  layei of  the  icnna  are  replaced  by  the 

opfic  nerve  fibers  leaving  the  eyeball  * 
of^Tic  NERVE  Nerve  made  up  of  fibers  that  oiiginaic  in  ihc^angbqn  celhot  the 
-  retina  and  terminate  in  several  paiicd  nuclei  {btertil gentrukie ttucleus,  p^egenicu- 

late  gray  nucleus)  or  subcortical  stations  {mpenor  colluvlus,  putvinar  of  the 

thalan\us)  in  the  brain 
upiic  HAUlATioN  See  nmal radtaihm 

OPUC  TtcTUM  Dorsal  (root  like)  pan  of  the  midbrain  comammg  the  utpenor 

colliadt.vfhvih  hm  part  of  the  intermediaiy  visual  systerti* 
OKI  tc  I R  AC  TS  TIic  tracts  by  which  th<?  opnc  nerves  continue  from  i^ie  optic 

chmsma  to  the  bram  The  tract  on  each  side  carries  fibers  conducting  impulses 
^  \c^up  by  contialateral  thai  fail  on  ihc  ipsilateral  retinas,  the  fibers 

from  the  opposite  eye  having  crossed  over  at  ihe  vHiasma  (Sec  f  igure  I  m  the 

Introduction  ) 

opTOKiNriic  nv!STa<;mus  fn«iluntar>  aUcniating  rapid  and  slow  movc[Tjents 

of  the  eyeball  induced  by  ai  lcmptmg  to  f  ixate  on  a  point  revolving  aiound  an 
*  aJus 

oi'toKiNl  Ttt  lisiT  A  lesi  in  which  the  vntire  environment  appeals  to  moVe 

relative  to  the  observe^,  so  thai  the  eyes  are  ctmipellcd  to  follow  the  moving 

object  See  also  optt^kmettc  nvstagrttuii 
OPTOMOT,OH  sviiii  The  nuclei  of  the  thud,  fourth,  and  stxih  cranial  nerves, 
^  which  inne  vaie  iHc  e  itrathidar  nmutvs  and  arc  f heretorc  tonceined  with  the 

-qijwmcnts  otihe  eyeball 
i^HtlNTINc;  Hr.itrxrs  Avaricty  of  vntcrai;Ni>"4itk  neural, uMtor 

responses  ii*  irulialpre^^'ntation  ot  a  stimuli* 
uKtHoffii  TRAkNiNc,  A icthmque ofeye exerci^e\ dcsigfici^io couect  the 

visual       of  eyes  nut  properly  coordinated  for  binocuHf  vision 
ur ui  I  rn  uKGASs  Mcchanoncural  nrcptor%  m  the  mm  eai  thai  rcsptmd  to 

gravitatHm^t  Jiarij:cs.  di\plaw»ni?  ^.akmm  ^ai boruic  uiystaK  (oiolilhs)  attached 

lo  the  endv  of  hair  tells 
oin^H  i.RANUiAR  iwkH  Hic  ^CcofTid  la>a  tfom  thci^uf  tace  of  the  pnmate 

stnate  area,  characterised  by  relatively  ^mall  cells 
VA<  INC,  Gearing  ol  in>iiuction  to  bjlancc  case  and  diltuullv  U%t  a  subject  learning 

a  (ask 
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PARAloVEAi  RKTiNA  Thc  area  of  ihc  rclma  liuiTounding  thc /twa  cYrt/wfts 

PAHAtlNOUt&Tlcs  The  ?itudy  ot  paitcmeJ  tone  oi  voice 

MTTERNED  STIMULATION  Visual  Uimuhllun  consisting ot  visiul  contrast, a!^ , 

opposed  to  diffuse  light 
PERCEPT  A  perceived  object' 

PERCEPTUAL  PRETRAiNlNt.  Tfaimng  ui  the  awaiencs5  of  objects,  relationships, 
or  quihties,  e^peciilly  visual*  as  a  prehminary  to  reading 

l^aNEM.E  Thesmillest  unit  o?  speech  that  distinguishes  one  ultciance  from 
another.  " — 

PHOHOiOGY  The  science  of  speech  sounfls 

PHOTON' A  quantijm  of  radiant  energy,  j      >  *  4 

PHOTOPUPiLLAi^Y  MOTION  Reaction  of  the  pupil  to  light.  rcsuUing  m  changes  • 
in  Its  diameter.  . 

PiloioTONic  BAL  ANc,  f  Balance  m  the  ionic  condition  of  the  intrinsic  eye  . 
musculature  (alkpy  msck  and  pupillary  muscle)  resuUing  from  exposure  to 
pif  ticular  conditions  of  hghting 

PI  ASTiciT  Y  Abihty  of  one  pin  of  the  brain  as  a  result  of  experience  and  train- 
ing to  modify  ils  function  (o  some  extent  so  that  cvennially  it  appears  to  take 
over  the  function  of  a  damaged  par*.  Anatomic  plasticity  «fers  to  the  ability  of 
neurons  and  ncrve  iissue  aggregations  to  change  by  extensions  of  dendrites  and 
inierconnections  .  ^  > 

PL  E  OPTICS  A  technique  «f  eye  exerciser  designed  to  develop  fuller  vision  of  an 
ambiyopk  eye  and  ensure  piroper  binocular  coordination 

POLYGRAPH  An  instrument  for  recording  tracings  of  several  different  events 
simultaneously  ^  • 

i^ONS  A  discernible  enlargement  of  the  lower  brain  lymg  immediately  below  the 
midbrain. 

POSTSYNAPTIC  STRUCTURES  Ncuions and  iheir  dendrite^  with  which  efferent 

terminals  of  presynaptic  neurons  make  functional  contact 
PRAXIS  Motor  pcffoimance  or  action. especially  that  controlled  by  the  cerebral 

cortex. 

PntiEciAi  SY!^TIM  Tlit systcm .iwive tibcrs Irom thc op/ic /Wi/ and 
suptnor collmlm  tSat  reach  the  pietectal  nuclei  of  the  midbrain,  thought  to 
pr:>vide  feedbacVpaihvrays  for  regulation  ol  c>c  muvcmcnls  and  accommodation 

PRIMARY  HFAITH  HtRVitfS  First  point  ofconuct  for  medical  care  01  health 
supervision.  In  the  case  of  cluldien*  these  se^cevare  provided  by  pediatricians, 
general  practitioners,  public-health  or  schotil  nurses*,  or  hospital  emergency  staffs 

PRIMARY  STRIA  Tl  CORTEX   S€t  itriatC  OfeO. 

PRIMARY  VISUAL  SYSTEM  The  nefve  system  that  conducis  impulses  from  the 
'  jrcima  to  the  cortical,  thalamic  and  collicular  regions  of  the  brain. 
pROPRiociPTivi  rNi>  ORGANS  Sensoiy  nctvc fccfpfont that givcmformation 

concerning  movements  and  position  of  the  body ,  found  chiefly  m  muscles,  ten 

O  ,mikt^tye%tiln4farapparatux 
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pULVmAR  SYSTEM:  One  of  levertl  nuolei  in  the  thiUmus,  a  main  relay  area  in 
the  midbrain  for  sensory  input,  and  ha^ng  projections  to  an  important  associa- 
tion area  of  the  cerebral  cortex. 

k^UPiLLARY  MUSCLE;  The  smooth  (involuntary)  muscle  of  the  iris  that  controls 
the  size  of  the  pupil. 

PYRAMIDAL  ceIl'layer;  The  third  layer  from  the  surfaceiof  the  primate 
striate  area,  characterized  by  relatively  large  pyrarrtid-like  cf  lis. 

PYRAMIDAL  DISCHARGES:  Impulses  discharged  down  the  pyramidal  nerve 
'  tractrfrom  the  motor  cortex  and  concerned  with  vofjintary/motor  activities. 

REACQUISITION:  Regaining,  by  reinforcement,  a  Conditioned  response  that  has 
beenextinguished. 

READING  DiSAiiLiTY  (syn.  reading  deficiency,  dydexia):  A  condition  in  a 
person  whose  reading  age  is  below  90%  9f  expecUtion  with  respect  to  his  intel- 
,    ligence  and  educational  opportunity.  See  also  specific  reading disabitity.^ 

READING  RETARDATION:  A  behavioral  term  to  describe  a  person  who  does  not 
score  at  or  above  the  norm  foi*  his  age  on  vaUd  tests  of  reading. 

RECEPTIVE  FlEU):  A  Small  region  of  the  retina  where  a  spot  of  light  Will  cause 
impulses  in  a' single  optic*nerve  or  optic-tract  fiber,  in  a  single  ganglion  ceU,  or  in 
a  single  nerve  cell  in  the  visual  cortex.  Other  single  units  in  these  structures  may  . 
.also  be  activnted  by  the  same  receptive  fleld  or  by  a  different  or  overlapping 
retioal  receptive  field. 

RECEPTOR:  Asensory  nerve  terminal  that  responds  to  stimuli; in  the  eye,  refers 
to  the  rods  and  cones  in  the  retina. 

RECTI:  Set  extraocutarnmsclet  ' 

REDUNDANCY.  Superfluous  linguistic  elements  or  repetition  of  cues  or  informa- 
tion that  do  not  need  to  be  recognized  in  order  to  perceive  the  Gestalt 

R£FiECTANCE{  The  reflected  fraction  of  the  total  luminous  fl«x  incident  on  a 
surface. 

RETICULAR  FORMATION  (syn.  reticular  system):  A  diffuse  network  or  reticulum 
of  nerve  cells  and  flbers,  fornung  the  core  of  the  brain  stem,  that  when  stimuhted 
produce  **arousal.**  This  system  is  concerned  with  such^general  effects  as  alerting 
the  entire  omnism,  nuiintaining  attention,  controlling  muscular  activity,  and 
^  regulating  re^ptivity  of  peripheral  sensory  end  organs. 

RETINAL  CONTRAST:  PhysidOgic  processes  in  the  retina  that  produce  noticeable 
«    «  subjective  differences  between  objects  of  different  luminosities  placed  side  by 

side. 

RETINAL  RIVALRY:  A  condition  m  which  one  area  of  the  retina  is  dominant  and 
the  corresponding  retinal  area  of  the  other  eye,  recessive;  spontaneous  reversal  of 
the  condition  is  implied.  « 

ROD:  A  photoreceptor  neuron  characterized  in  part  by  an  elongated  shape  that 
synapses  with  some  bipolar  ar//5  and  is  used  chiefly  m  night  vision;  anatomically 
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abttnt  from  the  fovea  centralis;  in  man,  a  fairly  tiniform  cylinder  24   long  and 
3^  wide. 

RUBIN'S  gobLet  l^iGURE:  An  ambiguous  figure  that  can  be  seen  either  as  a 

goblet  or  u  two  facial  profiles. 
SACCADE;  A  jerk4ike  movement  of  the  eyes  horizontally  in  either  direction  as  ' 

the  fixation  point  change^,  interspersed  with  pauses.  A  skilled  reader  will  demon- 

strati  smooth  movements  in  one  direction  with  few  pauses  and  a  regressive  move 

ment  at  the  end  of  a  line. 
SCHEMA  (pi.  schemata):  A  plvi,  outline,  or  arrangement. 
SCOTOMA:  A  Mind  spot;  an  area  of  depressed  vision  within  the  visual  field^e  to 

retinal  damage  or  to  specific  lesio^  within  the  visual  pathways  or  visual  cortex 
^ andi  sunounded  by  an  area  of  le^  depressed  or  normal  vision. 
SEGMENT  (syn.  chunk):  To  break  up  continuous  spoken  sound  into  segments  on 

•  the  basis  of  knowledge  of  the  speaker *s  langu.age. 
SEMic^cuLAR  CANALS:  Within  the  vestibular  apparatus,  three  canals  each  in  a 

different  plane  at  right  angles  to  each  other,  and  sensitive  to  movement  of  the 

endojymph  contained  within  them  due  to  change  in  position,  acceleration,  or 
\jpi<vection. 

SEPARATION  ANXIETY:  Tht  fear  and  apprehension  noted  in^infants  when  re- 
moved  from  their  mothers  (or  surrogates)  or  when  approacKed  by^ strangers 

SHADOWING:  Repetition  of  an  auditory  stimulus  slightly  after  the  onginal 
presentation. 

SHORT-TERM  MEMORY:  Retention  pf  information  for  about  a  minute  or  less. 

.SNELLEN  'FRACTION:  A  measure  of  visual  acuity  based  On  Snellen's  test  type; 
the  numerator  is  the  subject's  distance  from  the  test  type,  and  the  deno^tiinator, 
the  distance  at  which  the  letters  could  be  read  by  a  normal  eye.  Thus  20/20 
pieans  normal  vision  in  the  eye  being  tested. 

SOM ADENDRITIC  FACTOR:  Jn  the  neuronal  tissue  (soma),  an  undefined  factor 
that  determines  the  distribution  of  dendritic  spines  along  the  dendrites. 

SOMATESTKE&IA  (svn.  somesthesia):  The  consciousness  of  having  a  body. 

SOUND  SPECTOGRAPK:  An  instrument  that  portrays  in  grapmc  form  the  time 
variations  of  the  frequency  spectrum  of  the  speech  (sound)  wav^. 

SPECIFIC  READJNG  DISABILITY  (syn.  developmerUal  reading  disability,  con- 
geAital  reading  disability  ,  strep}iosymbolia,  specific  q^exia,  congenital  dys- 
lexia): A  condition  in  which  the  reading  age  is  below  yW^^f  expectation  with 
respect  to  measured  intelligence  and  educational  opportunity,  but  with  no  evi- 
dence of  structural  defect  of  the  central  nervous  system  and  with  peripheral 
sensory  apparatus  sufficiently  intact  for  the  recognition  of  sensory  stimuli  in- 
volved  in  reading.  There  is  evidence  that  this  is  due  io/n  inherited  lag  in  the 
matuution  of  neurophysiologic  functions  (as  yet  unidentified)  involved  in 
reading.  ^* 
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SPECIFIC  VISUAL  AFFERENTS:  Afferent  fibers  conducting  nerve  impulses  from 

the  visual  photoreceptors  {rods  and  cones)  to  the  brain. 
s-R :  Stimulus-response;  usually  rwrs  to  theories  of  the  acquisition  of  information 

and  learning.  \ 
STABILIMETER:  Apparatus  for  reading  the  amplitude  and  frequem:y  of  the  , 
'  ^motions  of  a  subject.  ' 

STELLATE  CELLS:  Star-shaped  cells  found  chiefly  in  layer.  JV of  the  striate  area 

and  characterized  by  the  horizontal  arrangement  of  their  processes. 
STEREOGNOSIS:  Ability  to  perceive  and  recognize  shape  or  fonn  qualities  of  an 

object  by  handling  it;  tactile  recognition  of  form. 
STEREOPSIS:  The  sensation  of  relative  visual  depth  that  results  from  the  neural 

integration  of  Uissimilarities  ia  the  images  seen  by  the  two  eyes. 
STRABISMUS:  deviation  of  the  eye  that  a  subject  cannot  overcome;  the  visual 

axes  of  the  two  eyes  assum^  a  position  relative  to  each  other  different  from  that 

required  by  the  visual  stimulus  conditions. 
STRATIFIED  RANDOM  SAMPLING:  Random  drawing  of  individuals  from  each 

of  several  strata  of  the  population,  in  contrast  to  saiApling  by  chance  alone. 
STREPHOSYMBOLIA:  Perception  of  visual  stimuli,  especially  words,  in  revere 

order  but  without  the  reversal  of  individual  letters  characteristic;  of  mirror 

perception. 

STRIATE  AREA  (syn.  area  17, area  striata,  visuaM,  primary  striate  cortex):  The 
primary  visu^  receiving  area  or  highest  brain  cemer  of  vision.  1^  portion  of  the 
cerebral  cortex  in  the  inner,  medial  space  of  the  ^cipital  lobe  of  each  cerebral 
hemisphere,  where  th^  fibers  of  the  visual  radiation  terniinate. 

SUBJECTIVE  CONTRAST:  The  subjective experience  produced  by  phystolofflr^*^ 
retinal  and  brain  contrast  mephan&ms,  distinguished  from  contrast*&nhfv^ual 
stimulus  itself.       .  '  ' 

SUPERIOR  COLLICULAR  SYSTEM:  The  nerve  system  in  the  forwa'rdorjostral 
pair  of  the  two  pt^is  of  rounded  eminences  (colliculi)  in  the  roof  of  the  mid*  * 
brain  concerned  primarily  with  regulation  of  ocular  reflexes  and  adjustri||bnt  of- 
head  and  l)ody  pQlition  relative  to  Visual  orientation. 

SUPPRESSION :  Overriding  of  one  response  by  another,  as  distinct  from  inhibition 
of  a  response.  In  visual  suppression,  the  specific  mechanisms  are  varied  'and  un- 
«  known,  and  the  visbal  input  injn  eye  may  be  entirely  or  partially  blocked. 

y  SUPRAGRANULAR  LAVEJ^Si^yersI-III  lying  above  or  toward  the  surface 

from  layer  IVtQ{  tlie  primite  striate  erec,  which  is  characterized  by  granular  cells. 

^yPRAi^ucL£A|l  iClEsiONS:  Lesions  of  higjher (i.e.,  more  centrally  located)  Struc- 
tures than  the  nucleui  associated  with  the  nerve  pathway  involved. 

su  RFA^E  sTructu  RE  (syn.  surface  form):  Elements  of  a  sentence  that  deter- 
niine  its  phonetic  interpretation',  including  th;  actual  formatives,  phonetic  sig- 
nals,  and  combination  of  perceived  utterances. 


^URROUND  FIELD:  Ai;i  area  sunounding  a  center  or  receptivie  field  where  both  . 
on  and  off  responses  are  obtained  to  light  ttimulation. 
SYNAPSE:  Locys'at  which  a  nerve  impulse  pas&es  from  the  axon  of  one  neuron  to 
the  dendrites  of  ahothei;  forms  boundary  between  the  two  nerve  fibers  or  pos- 
sibly onty  a  surface  of  contact 
SYNTACTIC  REDUNDANCY ;  Repetition  of  elements  of  syntax,' the  rules  by 

whi^h  sentences  ate  constructed.  /      *  . 

.TACHisfbsqoPE;  Aa  instniii^nt  for  the  very  brief  presentation  of  visual  stimuli^ 
such  as  dot  patterns,  words,  numbers,  or  pic.tures  of  objects;  it  Is  cajjable  of  pre- 
senting stiinaii  to  either  eye  at  intervals  of  less  than  0.001  sec. 
f  BMPORAL  LOBE:  The  lower  lateral  lobe  of  the  cerebfai  hemisphere,  merging 
behind  with  the  occipital  lobe  and  subserving  the  hearing  and  equilibration 
» senses. 

trAnsneuronal  DEGENERATION:  Degeneration  or  atrophy  of  a  neural,  • 
pathway  of  structure  when  the  neurons  with  which. they  make  synaptic  connec- 
tion are  cut,  or  in  some  cases  when  the  end  organs  and  their  afferent  nerves  are 
not  used. 

TRIGGER  FEATURE:  A  particular  sct.of  stimulus  conditions  capable lof  eliciting 
activity  in  a  single,  unit  in  the  retina  or  higher  visual  center. 

TROL  AND:  A  Unit  of  intensity  of  light  at  the  retina  equal  to  the  illumination 
received  per  square  millimeter  of  a  pupillary  area  from  a  surface?  having  a 
brightness  of  1  candle  per  sqliare  meter. 

VEsniULAR  APPARATUS:  The system of  intercommunicating sfmicircufar  f 
canal:  and  iht  otolith  organ  within  the  inner  ear  (filled' with  endolymph)  that 
forms  a  sense  or|pn  stirualated  by  gravity  and  roUti'^nal  mc^-ements.  . 

VESTIBULAR  MOVEMENTS;  Reflex  movements  of  the  eyes  initiated  by  im- 
pulses from  thcvestibular  apparatm  in  the  inner  ear  due  to  rotation  of  the 

» >  head.  '  . 

VISUAL  CLiFt:  A  sharp  vertical  discontinuity  in  visual  space,  such  as  the  edge  of 
a  desk,  either  real  or  contrived  by  optical  illusion.  * 

VISUAL  CORTEX:  Su  Striate omt, 

VISUAL  PISCRIMIN ATION:  The  differentiation  betwe&n  visual  patterns.  ^ 
VISUAL  FIELD:  What  a  fixating  eye  can  see.  Visual  fields  for  uie  two  eyes  are 

normally  somewhat  ovoid  and  overlap* 
visuAL-MotoR:  Refci  to  the  Coordination  of  vision  with  movements  of  the 

body  or  of  paKts  of  thebody.  ^  " 

visuijit  NOISE:  A  ^^^^  stimulm  having no  recognizable  orgam^ 

scattered  ptttt  t^^Hters  or  nunferals.   '  . 
VISUAL  PLACING:  A  Visually  directed  response  consisting  of  placing  of  one  or 

moie  of  the  extremities  upon  an  object.  * 
VISUAL  projkctkIns:  Nerve  fibers  carrying  visual  impulses  that  originate  in  the 

#ina  and  are  directed  or  relayed  to  other  parts  of  the  brain. 
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VISUAL  PROJECTJION  AREAS;  CorticaJ  areas, such  as  thc  j/Tw/tffl^vfl,  to  which 

fihtjsfxqm  the  kteralgeniculatehucleus^^ 
VISUAL  RADIATION  (syn.  optic  radiation):  the  paired  nerve  tracts  or  fiber  sys- 
tem carrying  visual  impulses  from  th6':Brte«r/  geniculate  nucleus  to  thr  highest 
i^'* brain  center  of  vision,  the  i/TMffTl^  ,  • 

VISUAL  RESotviNjG  POWER:  A  measure  of  visual  acuity  or 'the  ability  of  the 

tye  to  discriminate  or  resolve  small.^ifU|ititim^^^  differences. 
v.i?UAL'ii  AREA?:Sccarefl7«      .^J'"^.         ^:  . 
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effect  on  fixation  time,  330-331 
effect  on  vocalization  in  infancy,  332 
Discrimination,  auditory,  relationship  to 

reading  disability,  408 
Discrimination,  form,  139 
Discrimination,  sensory,  sj^Sensory  dtscrimi- 
nstion 

Discrimination,  visual,  see  Visual  discrimina' 
tion 

Disinhibition,  110-111 
Distance  estimation,  role  of  areas  17'and  18, 
143-144 

Diurnal  vision,  vs.  hoctunul  vision,  struc- 
tural implications,  131-137 

D  neuronal  subsystem,  181 
toie  in  Ehrenstein's  brightness  illusion,  ^ 
191-192 

role  in  Hermaim  giid  illusion,  190 
"DoUVhcad"  eye  movement,  7 1 
Dominance,  cerebral,  $ee  Cerebral  dominance; 
Dominance,  retinal,  effect  on  pupil  size, 
123-127 


Dominant  lateralit)* 
and  reading  disability,  4 104 1 2, 414, 
420^21 

and  retarded  speech  development,  414 
and  spatial  perception,  414  ^ 
and  speech,  174-175 
and  strephoiymboUa,  409410 
and  word  blindness,  407-409 
development,  10 
effects  of  forced  change,  9 
Dyskinesia,  424 

Dyslexia,  tee  Reading  diubility 
Edge  g^dients,  96-100 
Edge  visual  imagei,  83-86 
Educatiof\aJ  services,  relationship  with 

healtiiservices,jr67-473 
EEC  patterns,  in  bOndness,  146 
Ehrenstetn's  brightness  iUustqn 

enhancement  of  brightness  in,  188-190 
.  interprel^^ 

role  of  lawal  geniculate  nucleus,  191-192 

role  of  retina,  191-192 

visual  fixation  in,  188^0  ^ 
Elasticity,  scleral,  4041 
Electrical  activity,  effect  of  light  deprivation, 

251-254  . 
Emmetropia,  6,  37 

and  reading,  53-54 

eye  growth  in,  41 

,eye  shape  in,  40 

Endogenous  continuity,  in  mental  develop- 
ment, 328  ' 
Enucleation 
cause  of  transneuronal  degeneration,  - 
,284-285 
effect,  146 
^    on  distifibution  of  dendritic  splflts, 
^      276-277, 279-280 

on  lateral  genicuUte  nucleus,  147 
on  number*cf  dendritic  spines, 
266-273, 276-277,  279-280, 284-285 
EnWronment  > 
control  of,  390-397 

in  classroom  and  learning  to  read,  479-480 
influence  on  optical  characteristics  of 

eyes,  10,46-47 
influence  on  organisms  wiUiin  it,  304 
relationship  to  olganism,  and  reading  dis- 
ability, 322 
EnWronmcntal  enrichment,  recommendation 
for,  375-376 
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EmviromnenUl  restriction 

"  effecb  on  schematt,  303  ^ 

See  alio  Experientiil  deprivt|io|i 
Enor,  itfnctive,  see  Refractive  enor 
EskimcM.  myopia  in,  49-53  • 
Evoked  potentials,  165-166 

and  attention,  161,  22»-230 

distribution,  144    .  ^ 

to  Hash,  in  areas  17  and  18, 137 

to  light 

effect  of  absence  of  visual  cortex,  144 

effect  of  direction  of  gaze,  145 
ExciUbiHty 
area  striata,  effect  of  light  vs*  dark,  146 
central  visual  sys^m,  146-149 
cortical 

effect  of  nonspecific  visual  system,  160 
effect  of  retinal  background  activity,  146 
lateral  geniculate  nucleus,  effect  of 
mesencephalic  reticular  formation,  147-148 
Exogei^ous  continuity,  in  mental  develop- 
ment, definition,  328 
Expectancy  wave,  see  Anticipatory  effect 
ExpfrienQe 
early 

role  in  leaminf  disorders,  4  Tf 
role  in  reading  diubility,  480481 
effect  on  visual  perception  in  infancy, 
373-376 

role  iR depth  perception,  374-375 
Experiential  deprivation 
arousal  effecU  after,  3 1 1-3 13 
effect  on  attention,  314 
effect  on  behavjot,  309-3 1 9  * 
effect  on  communication,  318-319 
effect  on  learning,  321-322 
effect  on  response  to  looming,  319 
effect  on  sexual  behavior,  318 
excessive  arousal  after,  effect  on  learning, 
314-315 

response  to  stimulation  after,* 3 12^3 13 
stereotyped  motor  acts  after,  310-31 1 
See  also  Environmental  restriction;  Sensory 
deprivation 
Exposure  to  stimulus,  effect  of  duration  on 

processing  of  visual  information,  204-21 1 
Eye  anatomy,.3-4, 6-7, 10, 130-140 
Eye  dimensions,  determined  by  ultrasonog- 
raphy, 38 
Eye  growth,  39-41 


determined  by  ophthalmophacometry, 
39,41 

determined  by  refraction t  39 

determined  by  ultrasonofraphy,  39, 4 1 

determined  by  x-ray,  39 
Eye  jumps,  ue  Saccades 
Eye  movements,  70-77,  81-88 

abnormal,  73-77,415 

command,  72*73 

c6ntrol,  7-8 

effect  on  visual  perception,  81-83, 21 1 

in  control  of  visual  input,  147-148 

in  infancy,  291 

ia.Parkinson's  disease,  12 

in  reading,  94 

normal,  70-73, 77 

pursuit,  72,  291 

rapid,  and  hyperarousal,  92 
^  regard,  71-75 

role  of  otolith  organs,  70-71 

role  of  semicircular  canals,  7 1 

vestibular,  70-71 
Eye  position 

and  macular  vision,  74 

role  of  semicircular  canals,  71 
Eye  shape,  4(M1, 48 
Eye  size,  38-40  ' 
Eye-turning,  in  infancy,  386 
Farsightedness,  see  Hyperopia 
Fatigue,  visual,  see  Visual  fatigue 
Feature  extractor 

cortical,  143 
^  for  phonemes,  245 

See  also  Trigger  feature 
Figure-bMkground  perception,  and 

reading  disability,  448^53 
Finger  differentiation,  and  spatial  ' 

perception,  413-414 
Fixation  time  > 

and  socioecononiic  conditions,  338-339 

cultural  influences  on,  331-332 

determinants  of,  332 

effort  of  contrut  on,  330 

effect  of  density  of  associations  on, 
331-332 

effect  of  discrepancy  on,  330-331 
effect  of  movement  on,  330 
in  infancy ,^336^338 

as  index  df  attention,  329 

determinants,  330-332 
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niMiuntiMiit*  333*335, 337 
fiUdooihip  10  sex,  338 
Fixatkm,viiiaM,82  ^ 

andfudinf  dktbility.  426 

dittaiice,  tfr«cttMi  teceptive  field,  155 
tf  9tttci  of  coiiienital  ciUncts,  29 1*292 

•frectonpupiltize,  i23*12i,  127  . 
M  Efcftnttelit*!  brifhtneu  illuilon,  1&S-190 

in  infancy,  291;  352-353  - 

fole  of  To¥M  centralis^  106 

M9Gadetint81,83-86 
Flicicer  fusion,  and  chijnking,  87 
Focal  viiioo,  and  absence  of  cotpus  caUosum, 

175  ,  ^  • 

Form  perception^  139^  258>259 

and  peiiphlral  viiidn,  222  ^ 
Fonn  vision,  visual  mdmory  in,  193 
Fovta  ccnjtraUs,  5  ' 

conveifance  ratio  inj  106 

rde  in  fbcation,  106|  ^ 
Freeting,  after  experiential  deprivation,  312^ 
Frontal  lobe,  role  in  cpmmand'eye  move> 

ments,73*  - 
Ganilion  cells,  retinal 

effect  of  light  deprivation,  249-252 

effect  of  tiisiet'f<eat|ures,  113*114 

ide  in  retinal  cunvemAce,  106*107 
Gating  { 
'  roleof  attention,  2^9-221 
'*role  of  lateral  geniojilate  nucleus,  144 
Gaze,  effect  of  direction  on  evoked 

potentials  to  light;,  145 
Gerstmann*s  sy  ndron^e,  4 1 2 
Glaucoma  l 

and  intraocular  pressure,  40 

and  Kleral  elasticity,  40 
Glia,  deKription,  14^ 
Grid,  Hermann,  see  Hcrminn  grid 

illuston  ' 
Growth,  corneal,  40141 
Growth,  eye,  set  Eye  growth 
Habituation 

auditory  and  olfac  tory  in  infancy,  384^386  \ 

of  units  of  visual  porlex,  155  \ 
Handedness,  see  Dolminant  laterality 
Head-turning,  as  te^ft  of  attention  in  infancy, 

386-389  , 
Health-care  serviced,  relationship  with 

educational  services,  467-473 
Hearing,  see  Auditory  perception  . 


llettdity 

and  myopia,  44-45, 49 

and  reading  disabiUty,  409*4 1 1, 4 17*41 9 

and  retarded  speech  development,  412 

and  stammering,  4 12 

and  word  blindness,  407 
Hermann  grid  illusion 

in  estimating  recepthfe^fletd  size,  182*185 

interpretation,  190-191 

role  of  area  17,  {90 

role  of  lateral  geniculate  nucleus,  190 

role  of  neuronal  activation  and  inhibition, 
190-191 

role  of  receptive  fields,  190-191 
'role'of  retina,  190 
Hierarchy 

role  in  printed  language,  89-91 

role  in  visual  perception,  89-91 
Horizontal  cells,  (bnction,  106*107, 115 
*Hyperactivity,see  Hyperkinesia 
Hyperarousal,  set  Arousal 
Hypericinesia,426 

and  difficulty  in  maintaining  attention, 
28^29 

choreiform  movements  in,  426 
in  predicting  reading  disability,  28-29 
Hyperopia,  6, 37  * 
and  reading,  53  • 
auociated  with  strabismus,  75 
effect'of  cycloplegics  in,  59-60 
eye  growth  in,  41 
eye  shape-in,  40 

in  monkeys,  dependent  on  degree  of 
wildness,  46-47 
Illumination,  influence  on  myopia,  47, 49, 

52 

Illusion,  Ehrenstein*s  brightness,  see 
Ehrenstein*s  brightness  illusion 

Illusion,  Hermani^grld,ie^  Hermann  grid 
illusion 

Image 
edge,  83-86. 95-98  ^ 

'  letinal 

contrast^  96*115  ; 

determinanjis,  96*98 

effect  of  luminance  on  contrast  in, 

97*103 
formation,  3-4 
Immaturity 
and  reading  achievement,  22 
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and  reading  ditibiyty,  422  . 
Immaturity,  neurotoflc 

and  learning  diMbiUty.  426 

and  leading  disability.  419  * 
.Impulsivity.  in  chlldien 

relationship  to  intelligence.  349  ' 

vs.  reflectivity.  347-349  . 
Infancy 

attention  in.^329. 346»  393-384 

effect  of  contnst,  362 

effect  of  pattern.  360-372 ' 

effect  of  repetition.  367-369 

indexes  of.  329 
auditory  and  olfactory  habituation  in, 

384-386.38^ 
coigupte  reinforcement  in.^9(V-398 
eye  movements  in.  291 
fixation  time  in.  336-338 

measurement.  333-335,  337 

relationship  of  9ex.  338 
head-turning  in.  386-389 
intelligeh<;e  in.  327 
nystagmus  in,  291 
ocular  convergence  in.  291 
ocular  pursuit  in,  2^1 
pattern  perception  in.  357-373. 376-379. 

383-384 

perceptual  learning  in»  326-327    ^  ' 
reinforcement  in.  386-398  ^ 
scanning  in,  388  ^ 
schemata  in.  327 

sensory  discrimination  in.  385-386 
visual  accommodation  in.  29 1 
visual  discrimination  in.  353-359 
visual  fixation  in.  291, 352-353 
visual  perception  in.  351-379 

effect  of  experience.  373-375 

measurement,  352-353 
viiual  reinforcement  in«  390-396 
visual  selectivity  in,  360-373.  376-379. 

383-384 

effect  of  repetition.  367-369 
effel:t  of  visual  deprivation.  374 
vocalization  in.  338-342 
and  socioeconomic  conditions,  342-343 
aiindex  of  attention,  339. 341 
as  index  of  mental  development,  342-343 
measurement,  333-335. 337 
relationship  to  sex.  332-333. 339. 
341-342 


Information  " 
processing 

coiitiijuous  vs*  discontinuous;  80 
,  effect  of  evolution  on,  308-30^ 
relationship  to  behavior,  316-319 
visual,  see  Visual  information 
*  Inhibition 

neuronal,  role  in  Hermann  giid  illusion, 
19'0'191 

of  area  striata,  by  lateral  geniculate 

nucleus,  146-147  ^ 
of  perception  in  reading,  92 
of  rods  by  cones  and  other  rods,  141 
presynaptic,  147 
.  retinal,  108-112,118 

and  luminance,  108-112, 115 

and  Mach  bands.  1 11-1 12 

mechanisms,  113 

role  in  contrast  vision,  108, 19M93 
t<Ap  of  ommatidia  in  limulus,  1 08-1 1 2 
visual,  during  saccades,  87 
InlUal  Teaching  Alphabet  (ITA),  9ee  Alpha- 
bet 

Input,  visual,  see  Visual  input 
Instinct 

and  behavioral  plasticity,  307-308 

and  learning.  317-318 

as  fixed  sequence  of  actions  in  response 
to  stimuli,  303 

as  primordial  schema,  307 

vs.  intelligence,  307 
Intelligence 

and  early  stimulation,  401  ^ 

and  "open"  schemata,  307 

and  prematurity,  399  ( 

and  reading  disability,  420 

and  reflectivity  and  impulsWity  in 
chUdren,349 
^  correlated  with  myopia,  43 
^  in  infancy,  327 

vs.  instinct,  307 
Integration,  sensory,  see  Sensory  integra- 
tion 

Ditermodality  relationships.  92. 159. 161 
-  *  173. 178.  193. 200, 226. 239.  240. 

308,316,318.425426.485 
Intonation,  tee  Paralinguistics 
Intraocular  pressure 

and  eye  size,  40 

and  glaucoma,  40 
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Ilil,  dMClipfk)!!,  5 

bcNmla,  and  accommodatioii;  48 
IsolfttkMi,  tee  £xp«ii«iitkl  d«prlvatioii 
Jap«!Mit  wfitiiic  fyslcmt, 
Kmtomttxy,  In  (tottrmining  corneal 

ciimtuit,  37-3S         /  * 
KUIalMtte  pafc«ptk)n  and  leading 

diiab«ity,445 
Lamlnaticm 
in  laftual  pniculale  nMckut.  135-136. 

131.145  // 
retinal,  f«lationihi|^  of  luminance.  134-135 
lingtiage 
brain  centers,  45M60 
competence  irt«  and  learning  to  read, 
237-238 

diiorders.  relationship  to  ceiebnl  domi- 
nance, 41(1 
learhtng,  231-232  . 
printed 

analogy  with  visual  perception,  18-91 

letter  as  unit  of.  89*91 

tote  of  structure  and  hkrarchy  in.  89*91 
LateAi  geniculate  nucleus.  8 
and  color  vision^  148 
connections  with  area  18. 14M42 
effect  of  anesthesia,  145 
effect  of  enucleation.  147 
eflect  of  lemoyal  of  area  striata;  147 
effect  of  skcades,  87 
effect  of  visual  deprivation.  262 
excitability,  effect  of  meM^ncephallc 

reticular  formation.  147-148 
inn^tion.  145 
input  inter.  8 

larobutionin.  135-1^6. 138. 145 
projection  to  visual  cortex.  1 36-1 37,  1 39 
role  In  Ehrenstein's  brightness  illusion. 

m-192 
rde  in  gating,  144 
role  in  Hermann  grid  illusion.  190 
r(4e  in  iiyilbition  of  area  striata,  146*147 
role  in  receptee  fields.  8 
role  in  visual  neural  pathways.  7-8 
Uteral  speciaUxation.  He  Dominant 

UleraUty 
teaming 
and  early  stimulation  in  premature 
children,  399 
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and  ins^t,  317-318 

effect  nf  experiential  deprWati<m,'314-  ^ 
315,321-372 

effect  of  motivation,  29 
'effect  of  socioeconomic  conditions,  29 
^   perceptual,  in  infancy,326-327 

stimuhif-response  vs.  cognition  views,  305 
Learning  disor'den,  469473 

and  auditory  perception,  477 

and  diniculties  in  sequential  ordering,  4 

and  neurologic  immaturity,  426 

and  visual  perception,  477 

diagnosis,  471473 

role  of  early  experience,  477 
-  treatment,  471473, 477 
Left-handedness,  see  Dominant  laterality 
Lenses,  5 

correlation  of  type  required  with  refrac- 
tive characteristics  of  eye,  36-37 
curvature  determined  by  ophthahnopha- 
cometry,  38 
Letter,  as  unit  of  printed  language,  89-9  b 
Letter  blindness,  associated  with  word 

bUndness,407 
Letter  «ize,  and  accuracy  in  far-point  pe^ 

caption,  63-64  * 
Light  deprivation,  m  Visual  deprivation 
Light,  pupUlary  reflex  to,  119-127 
Limbic  system,*and  emotiAal  function,  142 
JLimul^s,  retinal  anatom^  06*  108 
Linguistics,  approach  ttneaching  reading, 
17, 19 

Listening,  relationship  to  reading  and  sp<!|lc- 
ing,  221-225  ^ 

Looming,  effect  of  experiential  deprivation 
on  response. t0>  319 

Luminance 
and  adaptive  mechanisms,  103 
and  retinal  lamination,  134*135 
effect  on  accommodation,  117-118 
effect  on  retinal-image  contrast,  97-103 
effect  on  retinal  rivalry,  124-127 
mechanism^of  sensory  coding  of  differ- 
ences in,  181'  « 
rc^e  In  contrut  perception.  95-96 
role  in  myopia,  117-118 

.  role  in  retinal  inhibition,  108-1 12, 1 15 

Mach  bands,  11M12 

Macular  vision,  and  eye  position,  74 

Mapping,  ui  visual  fields,  136-137 


28 


523 


Index  of  Subjects 


Mahintionii  processes 
and  a^idlophonic  <kveloprrten\  431*4S3r 

435  ^ 
and  readinf.  22. 40(M01. 422. 42M29. 

447.471 

Mcanittg  vs.  code  emphasis  in  learning  to  lead. 

16-19 
Memory 

analogy  (o  computer.  201-202 

rdationihfp  to  word  Uindntss,  407 
Memory,  auditory,  212-213 

and  reading  disability.  408 

in  pr<^tsing  of  visual  information,  211- 
214,216-217,  238  i 

vs.  linguistic  memory.  217-218 

vs.  visual  memory*  >11-213 
Memory,  long-term.  201-202 

and  reading.  202-203 

distinction$>  199,  202-203  , 

in  processing  of  visual  fnformation.  198* 
25l 

six  kinds  of,  214 

vs.  short-term  memory,  201*202,  213  214 
Mempry.  short-term.  201-202 
in  processing  of  visual  information.  88. 

198-201 
retina  as.  201 

vs.  fong-term  meniory.  201-202.-Y13-214 
Memory,  visual  > 
and  reading  disability,  408. 445*446. 

450453 
in  form  vision.  193 
in  perception,  193 
in  reading.  193 

role  in  Wertheimer*t  apparent  motion.  193 
Mental  development 
continuity  in.  328-329. 336-342 
indexes,  329 

vocalization  iu  infancy  as  index.  342  3^3 
Mesencephalic  reticular  formation 

and  color  vision.  148 

ctTect  on  lateral  geni'ju!atc|)uelcu% 
exciUbUity.  147-148  1 

funcuon,  147-148 
Mesencephalon,  visual  projections  to.  158 
Metabolism,  effect  of  visual  .deprivation. 

'250. 259-260 
Midbrain,  role  in  pooling  of  optical  ictivity. 

120-122  > 
Mirror  reading  and  writing,  in  dvsociation 

'With  reading  disability.  9 


[2^3 


Mobius  syndrome,  76        '  . 

Modulation 
by  nonspecific  visual  input.  160-161 
of  central  excitability  by  retina.  146 
of  cortical  neurons  by  conscious  effort.  154 
of  lateral  geniculate  nucleus  by 
mesencephalic  reticular  formation, 
148<149    ^    •  * 

Monocular  pupil  activity.  vs>binocular 
activity  in  sUabismus.  121. 123 

Motion,  apparent 
in  estimating  receptiveTield  size.  184*187 
SeeaJsp  Wertheimer's  apparent  motion 

Motion,  beta,  see  Beta  motion 

Motion,  pupillary,  nerve  pathways  for.  129 

Motivation 
and  attention.  226.  229 
and  learning.  29 

an$l  learning  to  read.  226.  229-230  \ 

and  reading  disability.  31. 421 
Motor  acts,  stereotyped,  after  experiential 

deprivation.  310-311 
Motor  differentiation,  increase  with  opening 

of  instincts.  308 
Movement,  eye.  sfe  Eye  movemcnw 
Movement 

effect  on  fixation  time.  330 

mechanism  of  percept  m.  185-186 

perception  of.  estinfiating  size  of  receptive 
fields  for.  184-187 
Myopia.  6. 37  ^ 

and  age.  42-44. 50-52 

and  Intelligence,  43 

,and  intraoctUar  pressure.  4 1 

and  near-work.  4 1-55 

and  nuUrition.  44. 52-53 

and  oersonality.  43-44  ' 

and  physical  ch'  ^teristics.  44  k 

andrca41ng.43.5^54,58 

and  scleral  elasticity.  4 1 

congenital.  58 

effect  of  cycloplcgics.  58^0 

effect  of  iUumination.  47, 49.  52.  1 17-1 1 8 

effect  of  restriction  of  visual  space.  45-49 

enect  on  far-point  perception.  10 

eye  growth  ^nd  shape  in.  40-4 1 

hcriUbility.  44-45.49 

incidence.  43, 5D<53 

induced,  10.63-64 

in  Eskimos,  49  53 

in  man  and  chimpan/.ec.  49 
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role  of  itfxommodattoa.  52. 1 17-1 18 
MX  (tifTerences,  57*5B  . 
NMTtightedneis.  see  Myopia 
Ntftr*work 
and  Kcommodalion.  47-48 
and  myopia.  4 1-55 
Neive  spike,  lef  Action  potential 
Nturdofic  abnormalities,  and  readjnf 

disability.  446 
>leuions,  visual,  orpnization  in  receptive 

fields,  and  perceptual  problems,  15M56 
'Noctunial  vision,  vs.  diurnal  vision; 

structural  implications*  13M37 
Noise 

cortical  spontaneous.  1^53 
retimd  intrinsic.  103 
NoUtion 

first  task  in  leaminf  to  read,  1 6   .  ~^ 

Japanese  vs.  £n|tish  and  European.  28-29 
Nutrition,  and  myopia,  44. 52-53 
Nystagmus 

and  readinf .  129 

conifnltal.  73*75 

in  albinism,  effect  of  Ucatmcnt  on  vivual 

acuity  in.  300 
in  infancy.  291 
Wrk,71 
iaftnt.  74-75 
motor.  74 

permanent,  caused  by  aibimsm,  291-292 

sensory.  73-74   

Ocular  asymmetry,  69 
Ocular  movements. s^r  Eye  movemcnU 
Ocular  pursuit,  effect  of  visual  dcpnvation. 
256 

Ocul^otor  apraxia 
congenital.  76-77  — 
eye  movements  d^fickut  in.  7?-73 
Oculomotor  dyslexia,  set  Reading  disabilil> 
Oculomotor  system,  age  of  normal  develop* 
ment.  297 

Olfactor>*  habituation,  in  Infancy^  1S1386 
Ommatidia.  role  in  retinal  inhibition  in 

.Umulus.lOH412 
On  and  off  diKhargcs  in  retina.  83. 1 1 3 
Ophthil  mophacome  try 

in  detcrn\lnlng  «ryc  growth.  39. 4 1  * 
*  in  dctcnnlnlng  lenN  curvature,  38 
Optical  acUvity  t 

addiUvity,  120*122 

pooling,  role  of  midbrain.  120-122 


Optical  chacKienstics  of  eye.  determina- 
tion. 37-41  * 

Optical-spread  funcUon.  96-97  V. 

Optic  nerve,  ratip  of  fibers  to  visual 
receptors.  105 

Optic  radiatijli.  conduction  velocities  in.^ 
145  •p^" 

Optic  Uact,  conduction  velocities  in,  145 

Optokinetic  eye  movements,  see  fuuuitcyc — 
movements 

Optokinetic  refiex.  mediated  by  parietal 
lobes.  74 

OrienUtion.  spatial,  see  Spatial  perception 
Otolith  organs,  role  in  eye  movement,  70- 
71 

PKkaging,  see  Chunking 
Palsies  of  conjugate  gaze,  we  Conjugate  gaze, 
pables 

Paralinguistics,  importance  in  readingv228 
Parietal  lobes,  in  mediating  optokinetic 
refiex.  74 

Parkinson's  disease,  eye  movements  in.  72 
Patterned  light,  role  in  visual  acuity,  255- 
256 

Pattern  perception 
and  reading.  378-379.461-462 
in  infancy.  357-373, 376-379.  383-384 
^    in  premature  infants.  383  ' 

See  also  Visual  discrimination;  Visual  selec- 
tivity. Attention;  Visual  percepUon.etc  ^ 
Patterns 

Vontrast.  in  measuring  receptive  fields. 
182-183 

effect  on  attention  in  infancy.  360-372 
in  Ehrcnstein's  brightness  illusion,  188-190 
organization  and  recognition  in  learning 

to  read.  193 
sjclcctivity,  in  infancy.  376-379 
Pattern  vlMon.  role  of  aicax  17  and  18.  143 

144  N  * 

Perception    %  ^ 
and  cerebral  dommance.  174-176 
auditory. i^e  Auditory  perception 
contrast,  role  of  luminance  differential  m. 

95-%-—  

depth,  see  Depth  perception 
edge  image,  9S-98 
far*point  ^ 

effect  of  induced  myopia.  63-64 

effect  of  Icttcr'Mze  on  accuracy,  63-64 
form,  sec  Form  perception 
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Intttrmodil,  s€t  InknnodiUty  itlitioft* 

motkm  — 

MtimatiAf  tUe  of  rccepttvc  fkldf  for. 
194-187 

micluiiiiin  of,  115*186 
spitiil,  jre  Spitial  pefo«ptkm 

YiMul,  m  Vi^iil  peictptkm' 
viaiuliniiiiofy  in*  193 
^ic«pthe  fields.  191 

PinccrauJ  dipfivitkMi,  and  reidini  diubUty, 
^6 

Nfc«pM  djioiden,  approach  to  therapy,  481 
^•ptual  motor  diMbttity,  and  socio- 
economic conditions,  463 
PtoceptuaS  proMams,  and  orpnkation  of 
•    viiual  neurons  in  receptive  fields.  15M56 
Atfceptual  training,  value  of,  462-463 
Ptriphtral  sensocy  defects,  and  leadim  ^ 

ictanUtion,  31 
Peripheral  viMon 

and  fofni  perception,  222 

in  readini,  222-223 
PtersonaXity,  and  myopia,  4344 
fhi  phenomenon*  184*186 
Phooemes 

featur&extractor  foir,  245 

sounding  and  blending  difnculty  in 
reading  disabiUty,  28 
Phonics' 

in  learning  to  raad,  30. 94, 48Mi2 
in  teaching  reading,  17,  19, 232-237 
in  treating  reading  disability,  178 
fhotopupOlJuy  response,  jve  Pupil  reflex  to 

Physical  charactehitics,  and  myopia,  44 
Plasticity, 

of  growing  brain,  167*173 

of  receptive  fieldi,  155, 1 92 
Pieoptics,  In  treating  amblyopia,  29{ 
•»hitat*spread  function,  %-98 
Pooling,  of  optical  activity,  role  of  mid* 

brain,  120.122  ^ 
Potentials^  evoked,  ut  Evoked  potentials 
Preference,  visua^ife  Visual  discrimination 
Prematurity 

and  coi^ugate  reinforcement,  399 

and  intelligence,  399 

and  pattern  perception.  383 


and  poor  reading,  399 
and  sensory  depriviti^n,  39^-399 
and  visual  diicrimination.  357-358 
and  visual  selectivity,  383 
relationship  of  eariy  stimulation  to  learn* 
ing^m  chil^ood,  399 
Presbyopia,  6 

Pres>*Baptic  inhibition,  147 

Protection  o 
from  lateral  geniculate  nucleus  to  visual 

cortex,  139 
visual,  136-137.  139 
nonspecific  (nooprimary),  M57-162 
tononvisual  cortex.  161-162 
to  reticular  level  of  mesencephalon,  158 
to  thalamus,  158  ^ 

Protein,  effect  of  light  deprivation  oit  meUboUam 
and  Tetinal  content,  250-251  % 

Pupil,  5 

^constriction  during  accommodation  and 

convergence,  7 
reflex  to  light,  119-127  ' 

and  reading,  127 

cont  Inhibition  of  rods  in,  14 1 

neive  pathways  for,  1 29 

suppression  in  saccadei.  127-129  f> 
response  m  binocular  rivalry.  129 
size 

determinants,  120-127 
'  effectof  retinal  dominance,  123*127 

effect  of  visual  flxa^on.  123-125. 127  . 
Purkiiye-Sanson  images,  basis  of  ophthal- 
'  mophacomeby,  Vi 
Pursuit  eye  movements,  72, 291 
Reach,  effect  of  visuiJ  deprivation  on 

accuracy,  256 
Reading 

and  absence  of  coriHU  callosum,  168-169. 
171-174 

and  corrugate  reinfori  tment,  401 
and  eaiiy  experience,  401.463 
*  and  emmetropia,  53*54 
and  eye*tuming  in  infaccy,  386 
and  hyperopia,  53 

and  immaturity.  22. 40G^0K  422, 428* 

429,447.471 
and  listening,  221  , 
and  long-term  memory.  202-203 
and  myopia,  43. 51-54 
and  nystagmus.  129 
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Md  ptCltni  pMtptkMi,  yi%'ll%  461-462 
Mid  piNtpted  iaUbl4oii,  92 
Md  fiiiyincat  vWoo.  22^223 
Md  pnmttwity,  399 
MdpvpflitOtxtoMilit*  127 

Md  iptdal  pimptlott,  43M34 
tadiyufcfc^  221 
iftdvlMalcoQtnit,  117 
tad  vlMil  fMBOiy,  193 
ndvimalMtocMty.  379 
atlMttooiii*  222*224 
ditti^  In.  2)6-227, 232. 240-241, 243- 
245 

cttltuni  iaitutiiM,  58 
•Htict  OQ  myopli,  5t 
•n«ct  o6  ntfcu,  83. 85*86 
•yt  iQovcm^iits  in«  SM^ 
ki|iUi«  of.  225-226 

liFttr  siftfoiy  diprivation.  242*243 

and  coding,  94 

and  dnifecs*,  237-238 

and  lafigitm  competeoce,  237*238 

and  lodpecoRpmIc  conditiont.  226 

btncflt  oT  eaity  wndni  m.  28-29 

ciitkal^.241 

modvabon.  226. 229-230 

normal  process,  433-435 

phooi(hiin.94  « 
mtclunltms.  221-224 
miiicularaipacts.7 

normal  pioctw.  1-2. 5. 47M79. 481483 
ietafdad 

and  difnailtiet  in  arithmetic.  423 
.  andipaUinf.423 

and  peripheral  leiuory  defects,  3 1 

benefits  df  remedial  treatment,  26 
^    diagnosis  and  treatment.  22^26 

early  idtntiAcation.  25-26 

prevention.  25 
saccadesin.8K91.222  223  • 
scanning  in.  433 
setr;Uiight.  225-226 

ttaciiini,  16*20. 232*237,  244,40(M02. 

454.462463 
testing.  15. 2(K25 
vs.  listening.  221-225 
vs.  understanding  of  speech.  240^241 
Retdtng  disabdlty 
andaphasts.^0421 


and  apraxta.  409410 
and  astigmatism.  64-65. 67 
aiul  auditory  memory  and  discrimination, 
408 

ai»d  auditory  per^ption.  431433. 435, 
445 

and  brain  abnormaUty,  406. 414, 4174 19« 

426427.436437 
and  cerebral  dominance,  176, 426. 446, 

453455 
choreiform  syndrome*  426 
and  congenital  oculomotor  apnuUa,  76 
and  deficient  wiitifli.  411 
^  difficulties  in  se<|uential  ordering,  434 
and  difficulty  of  sounjUnt  and  blending 

phonemes,  28 
and  dominant  laterality.  4 1(M  1^  4 14. 

420421 

and  eaily  expetknce.  446,480481 

and  emmetropia,  54 

and  faulty  perceptual  inhibition.  92 

and  figure^ki^ound  perception.  44S453 

and  immaturity,  422 

and  intelligence,  420  ^ 

and  interhemiiphericitlationshipi.  177 

(md  kine^tMedc  perception.  445 

andmofivation.31.421 

and  neurologic  abnotmalitiei,419. 446 

and  relationihip  of  organism  to  envirdn* 

ment,  322  ' 
and  retarded  speech  development,  4094 1 1. 

418419^429432.436 

3*  dsex,  28.  30,417418.421.483484 
d  sex  of  teacher.  28, 30. 4^3484  ^ 
and  socioeconomic  condiUons.  421 
and  spatial  petceptioo.  419420. 431432. 
•  445454  ^ 

and  speech  development.  457458 

and  strephoiymbolia.  410. 420421 

and  stuttering.  4094 10 

and  tKtile  perception.  445 

♦nH        dlicrimL^sUon.  420. 44 5449.     •  . 

451453 
and  Visual  fixatibn.  426 
and  visual  memory.  408. 445446. 450453 
andvi«ual*molor  function.  445446. 449- 

453 

and  vin^  peijeption.  408. 445455 
and  visual  suppiest^on.  460461 
approaches  to  understanding.  401402 
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deftfiitMNi.  30-52. 4H5'486 
dia|»atti.  476^488 
difrcrefitutiofi«  3(^52 
euotogy.  176 
eye  movtments  in.  94 
hetitability.  4094 1 U  4 17-4 19 
h)rpeikliietia  is  pttdictor.  28*29 
inddeiice.  420423. 469, 47S47A.  4.79- 
480.415486  , 
in  fapttwfe  cfaiMieo,  28>3 1 
phonicf  in  imtmeiiu  178 
predictliif,  2B-29;427429 
rttognoi*!.  429, 433. 461462. 475 
rmni!sifi«434 
synonymy  30-32 
tit«ttnenu  176*178.401402.481 

Readinf  readiiMtt,  400401 

Rtftdiiii  tetts,  UmlUUoot.  20^21 

Recall,  visiul,  mechanism,  119 

Receptive  IkUb,  8, 11M15. 181 
aiiddaitada|ittitioo,ll^ 
btnocuhfiy  equal*  155^ 
contnetpattemiinmeMuringi  182  183 
effect  of  mual  fbutton  (Ustance,  155 
eitimatloit  of  sue.  182487 
for  movement  perceptlonl  184-187 
inaiea  17  ami  area  18«  13(9  ^ 
otfamiat^  153,  155.  lljl 
offuiUattoti  of  vtwal  neurone  m»  and 

perc^tval  ptobtemi*  15M56 
plaiticity  of.  155. 192 
rifpoftie  to  stimtttus.  154*155 
fole  m  Hennann  piA  iliution.  190^19r 
iumm«tionvf*rHO]tttio(i.  105*106 

Rccepton 

rado  (0  othet  cell  tvpc%  iif  letma,  113. 136 

vtMial.  105*106 
Recovery  timc.iynapUc.  145 
ReOecttvity 

rtlattomhip  to  tnteliJfence  in  chitdfen, 
349  ' 

tt  impulmity  in  daldren,  347-349 
Rtflex«pupiUa^»  119-127 
cone  inhibitKm  of  rods  tt,  14 1 
Aippreiitonmsacradei,  127- 129 
Refraction,  m  determlmnf  eye  fiowth,  39 
Refractive  charKtemuct  of  eye,  35-37 
Refractive  error,  correlation  with  Snellen 
acuity.  36 


Regard  eye  movem<^ts.  71>72 
Reheanal 

m  procetftni  of  vmiil  information.  199- 

201.214 
rate,  201. 2U 
role  mreriill,  216 
subvocal.  201 
Jtemforcemeot  . 
con)U|ite.if€Contu|ate  remfoccemeot 
in  Infancy,  386*398 
visual,  in  infancy.  390^396 
Repetition,  effect  on  attention  and  visual 

selectivity  in  mfancy.  367  369 
Resolution.  y%  summation  in  receptive  fkld« 
105*106 

Response  time,  to  stunuU  of  different 

modalities,  238-240 
Responsiveness,  to  stimuli,  increase  with 

opemng  of  mstinctt,  308 
Restriction,  environmentai.  ser  Enviionmental 

restriction 

Retardation,  mental,  and  spatial  perception,  ' 

350 

Retina,  3. 5, 39 
anatomy,  105-108, 130*136  If 
as  short'teno  memory,  201 
effect  of  accommodatloo,4i' 
effect  of  readmf,  83, 85«86 
—  effect  of  SKcades  in  visual  fixation,  83*86 
effect  of  visual  deprivation,  249^254 
in&tnsic  noise,  103 
tschen^la,  and  accommodation,  48 
luminance*  effect  on  retinal  rivalry,  124« 
127 

ratio  of  receptors  to  other  cell  types,  133, 
136 

RNA  content  effect  of  visual  deprivation 

on,  258, 260 
role  in  Ehrenstein's  brightness  illusion, 

19M92 

role  m  Hennann  grid  lUuston,  190 
Retinal  background  activity,  effect  on 

cortical  exdUbdity,  146 
Retinal  domtnaoce,  effect  on  pupil  sue. 
123-127 

Retinal  ekctncal  actnrity,  effect  of  visual 
deprivation.  25 1''254  ^  . 

Retinal  firing,  83 

Retinal  ganglion  cells,  effect  of  U|ht 
deprivation.  249*252 
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/  • 

Mm^^tm^n  9te  Imife.  retinal 
lUtM  inu^  contmu  964 15 
R«llMiWubitioii.llS 

/m^dunliros.  108-in 
/  fokifivlsuilcoQtmt,108  f 
^    fOteDf  himUuw'ce,  108*112*  lis 
foitoCommitidiiu  108-112  , 
lUtmal  toteiconncctlom,  106*108 
Reliittl  Imtoitioa*  rclitiomhip  to 

htmisiincc,  134*135 
lUtiMl  output  in  Sicc«dc«,  1 28^1 2^ 
RetiMlriv«lfy<.12M28 
Hf  ttooicof>y»  in  ineinir«incnt  of  optical 
diaractirrif  t«cs  of  eye.  36*37 

lflfttitinidlMbiUty.434 

of  letterit  tylUbles,  and  «ordf.  in  ^^td 

RhyHun.  «lph».  f<f  Alpha  ihy  Ihm 
UNA 

conttfit  of  rctmil  ftnilion  celh«  effect  o( 

light  depnvation.  2S(K2Sl 
ret^  content.  cflTcct  of  viiual  depma- 
tkm.  258, 260 
Roddng.  iftcf  expcnential  deprivation. 

310-311 
Rods 

amnfement,  132  134 

inlubitkm.  141 

interactioniviihKonc^  Wl 

nuclei,  differentiation  from  cone  nucki, 
134, 137 
Rootinf.  Mft  He«d  tuminf 
Sictadet«81 

andoty  withiftunalrxvalryv  127  1 2H 

tnd  alpha  rhythm,  87 

and  pack^tng  of  vjtsual  mformation,  85  86 

and  vmial  perception.  81  83 

effect  on  Utenl  fenJculate  nuclcuv  87 

effect  on  occipital  activity.  87 

effin  on  retina,  83-86 

frequency.  81 

kit«*^itoi;81,9L  222<22J  ^ 
m  */ifual  fixation*  8K  83*86 
pupillary  tttkx  luppreiiion  in,  1 27  1 29 
retinal  output  in.  128*129 
retinal  tuppre«tion  in,  129 
vtMal  inhibition  in,  87 
Scanning 


duration,  204 
m  infancy » 388 

in  procetiini  of  vuual  information.  200,  204 

in  reading.  433 

rate.  200.  204*211.214 

serial  vs.  paialkl.  204-209 
Schemata.  306*^107 

a»  modes  of  organuingcxpcrtencc,  303 

effect  of  environmental  restriction.  303 

effect  of  cvoluuon.  308^309 

inmfancy.327 

innateness.  307^ 

open,  and  mteUigence^  307 

ubiquity,  306*307 
!klera,3.39-40 

effect  of  accommodation.  48  * 

elasticity.  3941 
'  growth.  3940 
SegmenUngi  Chunking 
Seuures.  after  experiential  deprnation,  312 
$eif»bitingi  -clasping,  and  -itimulauon.  after 

experiential  depm^non.  310-311 
Semicircular  canals,  role  in  eye  movement. 
71 

SeiMUMy  defccU.  penpheral.  and  reading 

retardation.  31 
Seaiory  deprivation 
effects.  23>238. 241-243 
in  premature  infants,  3^7-399 
learning  to  read  after.  242^24  3 
See  also  Expcrtsntul  deprivation.  Light 
dc^pnvation 
Sensory  differentiation,  increase  with 

opening  of  iastincls.  308 
Sensory  div.^mmaiion.  in  infancy  ,  385-386  ' 
S^emory  input,  neurologic  model  313 
Sensory  integration,  increase  with  opening 

ofinsuncU.  308 
Sequential  ordering  difficulties 
tnlcainins  disability,  477 
in  reading  disabUitv*  413,434 
Sex  /  i 

and  cognitive  developmcnl.  342-343 
and  fixation  time  in  infancy.  338 
and  reading  disability.  28.  30. 4 17418 

421.483484 
and  spatial  perception  in  children.  349-350 
and  vdcaliution  in  infancy,  332-333, 

339.  .141-342 
and  word  blindness,  407. 4 14 
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of  iMdief.  dtitbility.  jn.  Jii. 

Saruil  bdi««Wr,  eCr^t  of  C4ipemntt^ 
StMdowiAf  In  $p«edi^peKtptioit  and  allcft* 

Slow  dldctriCAl  potoittaU.  160. 22^229 
.So0oeconomlc  cotdtnoos '    '  ,  « 

^  et..phMb  m'fe«dliijppfOgnm«.  I9«  22 

ifl(fle|iniki|,29.326 

and'ir MDliif  lo  tea4 17*  2  26 
,  iftd  pwcqitHil  motor  dfeibtjUty«46'X  * 

lAd  ftM&ni'dMbOlly,  42t 

iumI  vtsw|l  Hxation  time.  BS*3 19 

und  vocaUutton  m  infu^cy,  342  343 
.  lipiiiil  ofi(flUl«oii.  Iff  $|»iUiJ  p«ii.«piion 
Spatial  pef«ptlon  ^    \  f       '  ' 

aiid  ibttofmai  eye  movtmcttU.  415      •  \  , 

and  brain  •bnorniaii^v  415427    *        '  » 

and  doftuninf  late'tilitf,  4 14 

apd  flnier  diffcftntat^om'^  1 34^4 

and'ntimialyeuurdatloii^350  * 
^aindivadini, 4334314  '    ,  * 

and  ffading  dit«tHil$f> .  4 1.942U,  43 14 1 1 
.  44M54      -  ,   '  ^       '    '  ' 
iii»d  i^uidcd  f pccvh  dcitlopmcnf .  4 1 24 1 3,  ' , 

431432,  -  w  ' 

and      34^  350  *  *      *     ,  ,  * 

br«in  ccnttft,  45M6IJI  i 
UNttnit,  447.449 

d^hllly  ' 
Speech    '  ^ 
imrsW<Kro5,i;orpu^(a]i)ovjkn),  |6»^J69 

171  /.  , 
ii;i^et)at  damin|nit«  174  17^  ^ 
.  *^h«nkinirin;2'j2. 240^241 
,  devflnpmenl.  andr^drnj^  di*abiUty,  45t4SH 
(l0mmiAmfeialit>     l?4  !7?> 
k'afotnie 
inlhaJ«nr,  24i:?42.  . 


^Iftdcafncsi,  241*242  ,  v> 
ittaided  devtloproent  » 
*   ai^datidXf^  pcfCrpuon.  431432 
and  domifuni  laimlity^414 
and  itadinf  dlMbOity. 40941 U4I  t419« 

429432.436  . 
and  ipatialperct^tion,  4^1-24 1 X  431432 
^  and  i^Mi^dfUk  407408 
twlttbilify»4l2/  ^ 
piofAOfti. 430432  « 
X«lab*ty  of,  232-237' 
.  vt  leadtiiiand toeing.  221. 240^241 
Speed)  |)((fteptlon«  220^221 

attenttoo  10. 220*221 
.  diunkinKUi.22<  * 
SpeUHAf  di((kuit^  and  ttadini  reUida^ 

423  ^        ^  \  ,  •  . 

S|Hlfe^j|etir'iff  Action' poienOaS ' 
$ptpes.  detfb^tic^  $ct  Dendht)c  i^piner 
S<;;knu4<vSirab«iAttti  ^  v 

Sijpmimni^  ti^Ubili!y«  4  (2  -  Z 
S&ulatton 
(OfieUied  H^ith  CoitKaJ  mofpho(<if)r> 

,  eailv^  at^ainiemirme.  401    ^     '    * ' 
reaii^jf  and  leadinf;^  401 
lequued  fot«6n«ory  development,  257, 

315  \ 
it^iumte'to^  after  eKpenentul^dcpnvattvOc 
312.411  "  •        ,\  ' 

Stimuli,  ol  diCfffcmi  modahtiev,  mponw . 

;Ume<o»  218-24(1 
Si/mula*  ^  V-  ^,     .     -  * 

tftcic  i  of  duf Afjop  00  pi qi^c\«in|t  o(  visual  ^ 

>n(i)rmjiuon.  204  II I        ,  '  ^ 
Vlfccl  Oft  ICi^lu((^^Kl^l  ic*pon%fc,  154*155 
,  ^iOiciVy  \%  fAmi««itt>/327,  3693J.2»  "  • 

Simmi«^'fr«i>on}r         Jcam»n#,  10^  , 
Stt#fefemiiv  5^>5  7f,  2»^2 
.  Jlrorowet  2^2  29WO0  - 
alletfialw^,75, 12^ 
am.Hyojjria  In,  292  '  » 
a<  ca«*t  of^t^^ttja  d<pm4tion.  292 
biniKiiitaf  Iddilivity  in.  123  ^ 
,  'H*ncKytof%H  monoiQlu  pupil  a^tfv|t>, 
t2M2J     .  ' 
comomttAnt,  75  «  .   *  * 

ambtvopiaex  ^niiiMi  a%  W^iueia*  75 
iindliypcfopu^  75         /  - 
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Htm%  of  aft  oC  onset  anci  deliy  Hn  treat* 
mciit  on  nmal  adiiiy  ti^  amblyopia.* 
?M.295 

elT«ctoii€oc1tK«  297 

t0oio|y.3OI 

incideiice  In  amblyopa,  JOO-JOl 
monocular*  icy  StfatiMnuf,  concon^iunt 
-  piialytk.lS 
i  pcfiodlcJ28 

suppreMion  in.  12J^ 
Stt^ofymbolla>409 
.  dottiinani  lafmlity  m..405M  10 
'  ittifc»lintditMbaity«410.42(M21  * 
Stiiatt  cortex,  ue  Am  1-7 

tok  m  pr(Atc4  Un|ita|e<  X9^9 1  * 

lokinvtsuatperteption.  119^9!  - 
Stutteifng 

ai^  rf Mltf^  tSiMlMHtv  4094 10 

and  woi4  bhndnra*  407 
Suclung,  nonmilntive,  after  cxpcrKniial 

deprivanon.  310*311 
Summatioti 

of  eKctlatton  m  opfcic  rcctpfox^k  105*106 

of  opucal  Klivu>.  U0*l?2 
Supirreiiion,  wwal*  iee  Vimii^iippm^m^ 

tnhibitton 
Synap«e  - 

cto«un|^,2'72 

paralkl.  Z72 

reirovc'iy  lime,  145 

tra^mu^^jon.  rlfect  of  anK^tht^U.  14  5 
•  Tactile  peiteption.  and  rcadmjf  dKubiliiy  ^ ' 
4^IS  » 
leichef 

iharaclwuci  imporunf  m  teathmj^ 
icadir)i|>  19  20 
.  «e<  of,  imd  te^ding^bOib .  28. 
^  48WS4 

Teaching,  computet^  in,  486487  " 
temporal  p;iiieimJt«.  115.  221. 
251. 24   4  M  ^ 
'  Tettto|,pft«dm|,  20^25 
THafamu^  vi*u<J  proj^cttoni  to.  15>^ 
Iki,  af  tet  tkprrtentia)  deprtulion^  3 1 2 
Trachmf  mo^emrnt^t  of  cyc^  durmj?  f  cadmg^ 
7 

Trammir/perceptuAl^  value  of*  46246 1 


Tniief  featuie  i 

cfre«:t  on  ganglion  cells.  IIM 14 

piimftive  schema  as,  307*308 
Ti^OHchannel  eJiperimeni  m  speech  perccp- 

.  tion  and  attention*  220*221 
Uitrtsonofraphy/m  measuring  eye  growth  ^ 

and  distances,  38*39,41 
Verticaluatton 

,  tendency  m  leading  dlsabdity.  461 

Sre  0ha  DtffctKmal  sensitivity 
V^tibular  eye  mc^menls.  70*71 
^Vuion,4 

color,  leejColoc  vision 

dlagram,^^ 

focal,  set  Focal  vision 

tnhibitxon  durtng  saccades  ^7 

neural  organization.  130*140 

pattern,  see  Fattcm  vision 

peripheral,  fet  Penpheral  vision 
Vuuall^sef  Area  18 
V»u«I  acuity,  106 

after  lack  of  visual  sumulatlon.  254^257 

anda|c.  297 

and  congemtal  cataracts,  291-292 

and  patterned  light,  255-256 

determmants,  254*257 

m  albinism,  291-292, 300 

In  amblyopia,  effect  of  age  of  onset  and 
delay  m  treatment,  292*295 

measurement,  10, 62^4 

norma]  development,  295-297 
Viuial  conductor  velocities,  145 
Vmial  cor^trast,  objec  uvc  \s  subjective, 
103  105 

ViMijd  coordination,  development  of,  291  297 
Visual  cortex 

habituation  of  units4n»  155 

le^Tfnttvc  rteio\of^org«m/alion»  i53, 155 

1^4in$  of  ^mgle  imtu  in,  I53-1 54 
VivujU  depnvatton 
'  cauiedty^Uabi^mu*,  292 

degencr^iuvf  cffixLs.  258  259 

effect.  258-260.  262^285 

effect  on  accniacy  of  rcKh«  256^  , 
•  effect  oti  area  siftaij.  262 

effect  on  bmocuUr  convergence.  256 

effect  on  conscnutal  pupOlary  rc^ponsc^ 
256, 

crret,  t  on  dendrites  of  vhual  toflcx,  262 
«rrei,t  on  dittnbuUon  «n4,numbcf  ut 
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dendritk  spines.  276<2H2, 285-286 
effect  on  lateral  gemculate  nucleus,  262 
efftcton  meUboton^.  250. 259-260 
effect  on  ocular  pufsuit.  256 
effect  on  retina,  249-254 
effect  on  retinal  RKA  content,  258, 260 
ifffect  on  visial  selectivity  in  infancy.  374 
Visual  discrimination.  352 
.  and  readintftisabtlity,  420. 445449. 451- 
453       .  . 
in  infancy.  353-359 
in  premature tnfanli^.  357*358 
measurement,  3!53;357 
vs.  visual-motor  coordination.  352 
'  S€€ also  Vis|>al  selectivity;  Pattern  percep- 
.  tion;  Attei.tion;  Visual-perception;  etc. 
Visual  fatigue,  190 
Visual  fields,  mapping.  136-137.  139 
Vist/al  fixation,  see  Fixation,  visual 
Visual  fixation  time,  sef  Fixation  time 
•  Visual  information     ,  * 
an((saccades,*85  86 
chunking.  79,  81^83. 85-88 
processing 
ajwlogywith  cbmpuicr.  199-201 
.    auditory  memoty  iii.  211-214.  2r6- 
217.238 
developnienr.  375*379 
effect  of  duration  of  scanning,  204 
effect  of  expdiure'itme,  204-211 
effect  of  At(  pC  eye  movements,  211 
long-tl;rm  memory  in,  198-201 
^  model.  198.^01.  213. 
raV?.  203-211, 214,f  * 
whearsal  in.  199-201.214 
short-term  memory  in,  198-201^  , 
^raitnmg.  200.  204-209. 219 
Visual  input 
disconlinufty.  79-88 
role  of  brain  stem.  i4.Vi49 
loieof  centrencephalon.  144  ' 
role  of  eye  movements  in  control,  147- 
148 

Visual  memor^',  sl:e  Memory,  visual 
Visua^motor  ability 

and  reading  disabUity.  445-446, 449-453 

testing.  449450  / 
^  Visiial.raot'orcoordiiiatlon,.352 

vs.  viiual  discrimination.  352  . 


Visual  neurons,  organization  in  receptive 

fields,  and  perceptual  problems.  15 1- 
*  156  ,  , 

Visual  pathways.  106 
Visual  |>erception 
analogy  with  printed  language.  88-91 
and  absence  of  corpus  callosum.  167*176 
and  aphasia,  412413, 
and  brain  abnormality,  4244  27  ' 
and  learning  disorders,  477 
and  reading  disability,  408, 445455 
irhunking  in,  87, 240-241,  243-^45 
defective,  prognosis  ip.  451454, 461462  ^ 
development,  375-379 
fye  movements  in,  81-83 
in  infancy,  351-379 

effectof  experience,  373-375  • 

measurement,  352-353 
nelS^e  spike  as  unit  of,  91 
role  of  hierarchy  and  structure,  89-91 
saccades  in.  81-83 
vs.  auditory  perception.  240-241 
See  also  Attention;  Visual  discrimination; 

Visual  selectivity;  Pattern  perception; 

etc. 

Visual  peiformance.  as  function  of  contrast, 

104-105  ^^y^ 
VisufI  preference,  see  Visual  discrmiiiration 
Visual  selectivity 
and  reading.  378-379  ;  ,^ 
in  infancy,  360-373. 376-379. 383-384 
effect  of  repetition,  367^369  - 
'effect  of  visual  deprivation.  374 
in  premature  infants,  383 
See  also  Visual  discrimination;  Pattern 
'   perception;  Attention;  Visual  perception; 
etc. 

Visual,stimulation;i23*124,  127-129 

Ivlsuai  ucuity  aft^rlack  of.  254-257 
Visual  suppression  ' 
'  and  reading  disabiUty,  46046 1 

during  saccades.  2, 127-129 

in  strabbmu;,J23 

mechanism. 459461         -  .|  ' 

Sec  also  Inhibition 
Visual  system 

central,  cxcitability.in.  146-149 

connections  with^j^mbic  system,  142 
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electiophy$iology,  145-147  ^ 
nonspecific,  effect  of  stimulation  of,  on 

visual  cortex,  160 
primary,  visual  inputs  to»  compared  with 

those  to  nonprimary  system,  158-159 
^tftous  humor,  5 

Vocabulary,  in  beginning  reading,  16*17 

Vocalization,  in  infancy.  33W42    "  j 
and  sex,  332-333,  339. 341-342 
and  socioeconomic  conditions,  342-343 
as  index  of  attention,  329,  339,  341 
as  index  of  mental  development,  342-343 

>  determinants,  33r2*333 

'  measurement.  333-335, 337  • 

Wertheimer's  apparent  motioji.  role  of 
visual  meinory,  193 

Word  blindness,  407 
and  dominant-iJitcrality,  407-409 

'  and  letter  blindness,  407 

^  ami  memory,  407 


andjeta^ded  speech  development,  407-  408 
'  and''s^407,414 
and  stuttering,  407 
and  word  deafness,  407 
heriubility,4e7 
interpitcations,  406-409 
reversals  of  letters,  syllables,  and  words 
in,  409 

vs.  Gerstmann's  syndrome,  4 12 

See  also  Reading  disability 
Word  deafness,  relationship  to  word  blinds 

ness,  407 
Word  meanint.  te'sting,  21 
Word  lecognitionr-testing,  21 
Writing 

and  absence  of  ccfrpus  caUosum,  168yl69, 
171 

dfcficient,  in  reading  dijwibility  ,411/  < 
early,  benefit  in  learning  to  read,  2^29 
X-r»y.  in  determining  eye  growth,  3 


